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GENERAL ABSTRACT 
The ecological structure and functioning of 
agriculturally impacted streams, as relates to carbon 
dynamics, as well as the functional relationships of the 
invertebrate community to their food source, is unknown. The 
purpose of this study at Big Creek, Iowa, was to quantify the 
annual flow of carbon through its various compartments and to 
relate these carbon sources to the structuring of the 
Invertebrate community in this second order, agriculturally 
Impacted stream. We have compared our findings to the 
various predictions of the River Continuum Concept, 
especially as they may relate to the idea of a "reset 
mechanism" within the continuum. 
Dissolved organic matter (fraction < 0.45 u) Is the 
dominant fraction, by weight, in the study section of Big 
Creek. The DOM makes up 90 % of the total transported 
carbon, while the fine particulate organic matter (fraction < 
1 mm > 0.45 u) makes up 9 % and the coarse particulate matter 
(fraction > 1mm) is 1 % of the total. 
Gross primary production, in the portion of Big Creek 
studied, is about 19 kg day ^, equivalent to 1 % of the 
al lochthonous organic inputs, while ecosystem respiration is 
_ 1 
35 kg day or equivalent to about 2 % of the al1ochthonous 
input. Therefore despite the high rates of primary 
V  
production In this section of Big Creek, the allochthonous 
inputs still dominate the overall carbon budget. 
Much of the allochthonous inputs are transported from 
the watershed and are not utilized within the stream. Of 
the daily terrestrial production of 48,528 kg C day"^ , 4 % or 
1851 kg C day ^ is allochthonous inputs to upper Big Creek 
of which 99 % is transported out of the upper section. This 
follows the Idea of a reset mechanism within the River 
Continuum Concept, i.e., that a low order stream, with a 
disturbed riparian zone, will have similar biological, 
chemical and physical characteristics as a medium sized 
undisturbed stream. 
The invertebrate functional groups in Big Creek also 
show many of the characteristics predicted for a middle sized 
stream. Though the shredder component is present, composing 
18 % of the total blomass, they do not dominate the blomass 
of Big Creek as predicted by the River Continuum Concept for 
low order streams. The blomass at Big Creek is dominated by 
the collectors with 37 % of the total. The predators at Big 
Creek show a surprisingly high blomass at 31 %, The percent 
of the predator blomass is relatively consistent throughout 
the year. The blomass of the scrapers is 14 %. 
Most of the functional groups are significantly 
correlated with their predicted food categories. 
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GENERAL INTRODUCTION 
Agricultural streams are a semipermanent component of 
our landscape In the midwest. Despite their importance and 
abundance, there have been no studies on the quantitative 
aspects of the carbon budget and the relationship with 
resident invertebrate functional groups In these ecosystems. 
Most studies on the carbon budget have involved streams 
draining forested watersheds. 
Of particular interest in stream ecology is the role 
played by detritus and dissolved organic matter in energy 
pathways, particularly in relation to the Invertebrate 
community. In low order woodland streams, the major source 
of detritus is al1ochthonous. Much of the biomass of the 
invertebrate community Is structured around this input. 
The invertebrates in any aquatic environment can be 
placed, according to their function in the ecosystem, into 
"functional groups". The functional group concept offers an 
advantage over traditional taxonomlc grouping in that the 
invertebrates are placed in categories based on their morpho-
behavioral mechanisms of food acquisition. This then gives 
one the opportunity to better study the functional dynamics 
of the Invertebrates and their place in the ecosystem. To be 
able to categorize the Invertebrates within the ecosystem, 
their food resources should also be quantitatively analyzed 
in order to better understand their role in the system. 
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This study was designed to answer some basic questions 
concerning the energy flow in Big Creek, an agricultural 
stream ecosystem: 1) How do the various autochthonous and 
allochthonous carbon "compartments" contribute to the overall 
carbon budget of Big Creek and 2) How do the invertebrates 
divide up the resources and which "functional groups" are 
dominant In Big Creek. 
Explanation of Dissertation Format 
This thesis is composed of two sections, each will be 
submitted to an aquatic journal for publication. The first 
is entitled Seasonal Dynamics of Carbon in an Agriculturally 
Impacted Stream Ecosystem and contains sections Including 
introduction, methods and materials, results, discussion, 
conclusions and literature cited. Figures and tables are 
Included within the text on separate pages. 
The second section is entitled Aquatic Invertebrate 
Dynamics in an Agriculturally Impacted Stream Ecosystem. ' 
This section contains an abstract. Introduction, methods and 
materials, results and discussion. The figures and tables 
are again Included within the text on separate pages. 
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SECTION I. THE TRANSPORT AND PRODUCTION OF CARBON IN 
AN AGRICULTURALLY IMPACTED STREAM ECOSYSTEM 
4  
ABSTRACT 
There have been no detailed analyses of the 
concentration, transport and production of organic matter In 
an agricultural stream ecosystem. The purpose of the present 
study Is to describe the transport and production of DOM 
(dissolved organic matter) and POM (particulate organic 
matter) In the watershed and stream of Big Creek, Iowa. 
Dissolved organic matter (DOM = organic matter < 0.45 u) 
dominates the carbon budget In Big Creek composing 90 % of 
all transported organic matter from the watershed. Fine 
particulate organic matter (FPOM = organic matter < 1 mm > 
0.45 u) makes up 9% of the annual transport and is correlated 
with discharge. Coarse particulate organic matter (CPOM = 
organic matter > 1 mm) composes 1 % of the total annual 
transported organic matter from Big Creek. Total organic 
-1 -1 
matter transport is approximately 23 t km yr ; similar to 
that of grassland, marsh or tundra stream systems. 
Gross primary production in Big Creek is about 19 kg C 
day ^ equivalent to 1 % of the al1ochthonous organic carbon 
_ 1 inputs, while ecosystem respiration is 35 kg C day or 
almost 2 % of the al lochthonous carbon inputs. 
-1 
Of the daily terrestial production of 48,528 kg C day , 
_ 1 
just under 4 % or 1,851 kg C day ends up as allochthonous 
Inputs to Big Creek, 99 % of which ends up as transport out 
of the upper watershed. 
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Big Creek does follow the predictions of the River 
Continuum Concept when taking into account the concept of a 
reset mechanism (upstream shift in characteristics) for 
disturbed streams. 
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INTRODUCTION 
Most recent stream functional theory is based upon 
research utilizing relatively undisturbed forested stream 
ecosystems (Vannote et al., 1980; Minshall et al., 1983; 
Fisher and Likens, 1973;' Suberkropp and Klug, 1976; De La 
Cruz and Post, 1977; Newborn et al., 1981; Lush and Hynes, 
1978). The vast majority of raidwestern streams are affected 
by various land use practices especially those related to 
agriculture, yet little is known about these permanently 
disturbed streams. One characteristic of the ecology of 
these streams that has been studied in some detail is the 
importance of riparian vegetation in depressing levels of 
suspended solids due to reduced instream organic production 
(Schlosser and Karr, 1981). Barnum and Bachmann (1983) 
concluded that agricultural land use practices such as row 
crop development, channel and bank modification, grazing and 
drainage tiling, impact stream nutrient levels, decomposition 
of detritus, primary production and invertebrate community 
structure. Menzel et al. (1984) surveyed water quality, 
habitat structure, and macroinvertebrate and fish communities 
in 1979-1980 in ten headwater Iowa streams of the Cedar River 
basin. They found that water quality was highest and habitat 
structure was most complex in a woodland stream as compared 
to the more agriculturally Impacted streams. 
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Of particular interest in stream ecology is the role 
played by detritus and dissolved organic matter in energy 
pathways. In low order woodland streams the major source of 
detritus is allochthonous (Fisher and Likens, 1973; Cummins, 
1974). The associated invertebrate community is structured, 
at least seasonally, around this energy base (Minshall, 
1967). Gelroth and Marzolf (1978) suggest that when leaf 
litter inputs are reduced, as in an agricultural stream, 
organic inputs may occur primarily during the summer as 
increased benthic algal production. Despite the importance 
of detritus to the stream ecosystem, Wetzel and Manny (1977) 
suggest that the dominant form of organic carbon is the 
dissolved fraction and the ratio of DOC (dissolved organic 
carbon) to POC (particulate organic carbon) in most lentic 
waters is 10:1. The ratio decreases in eutrophlc lakes to 
5:1 and may reach 1:1 in dense populations of aquatic 
bacteria. Moeller et al. (1979) reported mean ratios of 
DOC:POC in transport ranging from 0.09 from the Salmon River 
in Idaho to 70.0 from just below a dam on the South Platte 
River in Colorado. In agriculturally impacted low order 
streams, the importance of riparian vegetation as an energy 
source may be reduced 
in comparison to the autochthonous energy sources (Barnum, 
1984). 
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Compared to upland streams with greater slopes, 
agricultural streams, many being lowland streams, may show 
higher retention efficiencies at least between storm events 
for al1ochthonous particulate organic matter inputs. During 
base flow, these lowland streams have reduced erosive power, 
During storm events, in contrast, these streams, many being 
channelized, lose much of the stored carbon from the system 
because of scouring. There are, however, no reported values 
on the seasonal dynamics of transported carbon in these 
midwestern agriculturally impacted streams. Forested 
streams, on the other hand, can retain some of their organic 
storage within the system, even during storm events because 
of the presence of debris dams (Bilby, 1981). In either case 
though, the majority of the material produced or imported 
into a stream system is exported downstream (Fisher and 
Likens, 1973 ) . 
Most of the organic matter loading into woodland streams 
is in the form of DOC with the POC being less important 
(Moeller et al., 1979), The riparian zone in low order 
agricultural streams may be dominated by grasses or have 
banks that are denuded of riparian vegetation (Schlosser and 
Karr, 1981). An open canopy, a lack of nutrient limitation 
(Bushong, 1986) and a reduction of allochthonous detritus 
suggest that agriculturally impacted streams may not follow 
current ideas on ecosystem structure and function (Cummins et 
g 
al., 1984) especially pertaining to carbon dynamics. The 
consequence of the dominance of an autochthonous energy 
source may be to structure the community by causing a shift 
from the predicted characteristics of a low order stream 
system to those of a mid-sized stream system, a sort of reset 
mechanism in the river continuum (Vannote et al., 1980). 
There are no detailed analyses of the concentration, 
transport and production of organic matter over an annual 
period for an agricultural stream ecosystem. The purpose of 
the present study is to describe the transport of DOC 
(dissolved organic carbon) and POC (particulate organic 
carbon) In an agriculturally impacted stream ecosystem and to 
estimate production and respiration within the system. I 
will compare the seasonal transport, concentration and 
production of organic matter within an agricultural watershed 
to watersheds with different vegetatlonal types and assess 
the relative Importance of allochthonous and autochthonous 
carbon sources. 
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METHODS AND MATERIALS 
The study took place at the upper reach of Big Creek, 
from the source to 2.5 km downstream. Big Creek Is a 
channelized, second order stream with headwaters In Boone 
County, Iowa. The stream flows south and eventually is 
dammed to form Big Creek Lake. The 1586 ha watershed is used 
predominantly for agricultural purposes (Figure 1). 
Land use in the watershed can be divided into 4 areas: 
agriculture (corn and soybeans) at 84 %, managed grasslands 
at 8 %, residential/industrial at 4 % and other uses (4%). 
During the 2 years of this study, the depth averaged 
0.25 m and the discharge ranged from 0.05 sec ^ to 0.12 m^ 
sec ^ in the study section. The mean values for alkalinity, 
conductivity, NO-NO N, total phosphorus, and turbidity are 
in Table 1. These chemical/physical parameters were 
estimated using the methods outlined in Standard Methods 
(American Public Health Association, 1975). Big Creek, at 
base flow, has low turbidity and high nutrient levels 
allowing for good conditions for high rates of primary 
production. Rainfall data were taken from the permanent 
weather station at the Iowa State University Agronomy Farm. 
The source of Big Creek is a large field dominated by 
row crops (corn/soybeans) at U.S. Highway 30, between Ames 
and Boone, Iowa. The source comprises the combined flow 
Figure 1. Upper Big Creek Watershed, Boone County, Iowa 
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TABLE 1. Mean values for 5 physical/chemical parameters 
at the study section of Big Creek, number in 
parentheses is the standard deviation of the 
mean 
Parameter Mean Range 
Alkalinity 273 (41.3) 169-332 
(mg 1 ^ as CaCOg) 
Specific Conductance 773 (184.5) 426-1450 
(umhos cm. ^) 
Nitrate + Nitrite 3.02 (2.06) 0.17-6.3 
Nitrogen 
(mg 1 ^) 
Total Phosphorus 0.13 (0.17) 0.05-0.35 
(mg 1~^) 
Turbidity 3.45 (5.17) 1.2-25.0 
(NTU) 
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from drainage tiles and groundwater from the upper part of 
the watershed on the opposite side of Highway 30. Three 
sampling stations were set up, from the source to 2 km 
downstream (Figure 1). Site 1 was located about 50 m 
downstream from the source. This site is Immediately 
downstream from a dense bed of Potamogeton EeçtJ[natus. A 
marshy area of catails and rushes is adjacent to the site. 
The riparian zone is dominated by a species of brome grass 
(Bromus sp.). Site 1 was added to the study at the beginning 
of the second field season. 
Site 2 is about 1.5 km downstream from site 1. This 
site is also downstream from a dense bed of Potamogeton 
EëÇtlnatus. The riparian vegetation is dominated by a dense 
stand of mixed shrubs with a few interspersed burr oaks 
(QuGrcus maçroçarga). 
Site 3 is at the lower end of the study reach. This 
site is dominated by riparian grasses, mainly brome grass. 
The banks at this site are unstable due to cattle activity. 
This site is also downstream from a bed of Potamogeton 
Eect^natus. 
The time of day for sampling coarse particulate organic 
matter (CPOM), fine particulate organic carbon (FPOM) and 
dissolved organic matter (DOM) was between the hours of 0700 
and 0900 throughout the study. All carbon size fractions 
were sampled at the same time. 
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Coarse particulate organic matter was collected with the 
use of drift nets having a mesh size of 1mm. The nets were 
set at semi-permanent sites with samples taken on the average 
of 2-3 times monthly, depending on season. The nets were set 
for periods of up to 30 minutes depending upon discharge. 
Replicate samples were taken at each site. The samples were 
dried and ashed at 550° C (ash free dry weight) (American 
Public Health Association, 1975). 
Fine Particulate Organic Matter (.45um to 1mm) was also 
sampled 2-3 times monthly. Replicate samples were taken by 
grab sampling at each site during each sampling period. 
Samples (1000-1500 ml) were filtered through preburned (550° 
C) glass fiber filters and stored on desicant until final 
burning. The ashable carbon was found by difference 
(American Public Health Association, 1975). 
Dissolved organic matter (DOM), material < .45um, was 
also sampled by grab sample. Samples were preserved by 
acidification until analysis, usually within 1-2 days of 
sampling. The samples were analyzed by the Iowa State 
University Engineering Research Institute Analytical Services 
Lab. The method used for analysis was the combustion infra­
red method (American Public Health Association, 1975). This 
analysis gives the concentration as dissolved organic carbon 
(DOC). DOC was converted to DOM by multiplying the DOC 
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concentration by 2.0 so that direct comparisons could be made 
with the values of CPOM and FPOM. 
The diurnal curve method (Odum, 1956; Hall and Moll, 
1975) was used to estimate gross primary production and 
ecosystem respiration. Dissolved oxygen concentration and 
temperature were recorded during the summer and fall using a 
continuous recording Yellow Springs Instrument Model 54 
oxygen monitor. Between 8 and 16 diurnal curves were 
recorded for each month, June through October in 1982 and 
1983. Kortge (1984) supplied data for the 1982 curves. In 
late fall and winter, data were not obtained because air 
temperature was too low for proper instrument operation. 
Production and respiration were calculated for both 
volumetric (gm Og m ^ day ^) and areal (gm Og m ^ day ^) 
dissolved oxygen changes. These values were converted to 
carbon equivalents by the formula grams carbon = grams Og X 
(. 375/photosynthet1c quotient) (Strickland and Parsons, 
1968). The value for the photosynthetic quotient, though 
variable, is typically close to 1.2 (Wetzel and Likens, 
1979). I used this value In our conversion to carbon 
equivalents. When using the diurnal curve method caution 
must be used because a factor that may influence respiration 
rates is that of drainage accrual. Big Creek lies in a 
watershed that is tiled to increase drainage within the 
watershed. This practice prevents the buildup of standing 
1 7  
water on the adjacent land and may contribute to the 
respiration of Big Creek by Introducing oxygen deficient 
water to the stream and lowering the dissolved oxygen 
concentration, thereby simulating biological respiration. 
The transport of organic matter was estimated by 
determining the organic load of the water and the volume of 
water flowing across the sampling station. The water volume 
was determined by measuring the cross-sectional area of the 
creek and estimating the water velocity and depths at 
specific points across the width of the stream. Water 
velocity was measured by releasing an inert dye and 
determining time required to cover a known distance. The 
quantities exported of CPOM, FPOM and DOM were extrapolated 
from the values for concentrations obtained in the lab to the 
total discharge In Big Creek at the time of sampling. 
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RESULTS 
Particulate Organic Carbon 
The CPOM concentration was generally low throughout the 
study (Figure 2); however, there were peaks of transport 
during the year. Two distinct seasonal maxima were observed. 
The maxima were not consistent between sites. A spring peak 
of CPOM at Site 3 (less obvious at Site 1) was directly 
related to a peak in discharge during the spring (Figure 3). 
This peak was not evident at Site 2. A second peak at sites 
1 and 3 occurred during late June to early July. This peak 
was composed of seeds and related debris from the riparian 
brome grass at the sites. This grass, being an early season 
grass, sets seed in the early summer. The input of seed at 
Site 1 was not present in the CPOM samples taken 1.5 km below 
at Site 2. At Site 2 the major peak in CPOM occurred during 
autumn leaf fall. This input settled out before reaching 
Site 3 about 1 km downstream from Site 2. 
The composition of CPOM in transport from the study area 
(i.e. from site 3) is shown in Figure 4. The CPOM was 
composed of predominantly aquatic material during the months 
of July and November 1982 and during May 1983. The aquatic 
material In transport was of 2 basic forms; either algal mats 
or pieces of aquatic macrophytes. The 
Figure 2. Concentration of CPOM at sites 1, 2 and 3, in 
the upper reach of Big Creek from July 1982 
through November 1983 (mg 1 ) 
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the upper reach of Big Creek, July, 1982 to 
November, 1983 
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terrestrial material was predominantly composed of tree and 
shrub debris and/or grass debris. 
Monthly estimates of transported CPOM from the upper 
reach of Big Creek, past Site 3, are shown In Figure 5. Of 
the 9506 kg of annual transport, over 50% or 5660 kg was 
removed in April. The transport during June was also large 
(1879 kg). A high correlation was found between stream 
discharge and the concentrations of CPOM in transport at 
sites 1 and 3 but not at Site 2 (Table 2). Site 2 has major 
inputs of riparian plant debris during the fall, a time of 
low discharge. This is the major factor influencing the low 
correlation with discharge. In addition. Site 2 does not 
show the large grass Inputs during late June, also a time of 
higher discharge. 
Fine particulate organic matter shows similar trends at 
all three sites (Figure 6). At sites 2 and 3 a peak of FPOM 
occurred in August of 1982. Other peaks followed In April 
and late July of 1983. The peaks in suspended FPOM follow 
the peaks in discharge and to a somewhat less degree the 
rainfall trends (Figures 3 and 7). FPOM was strongly 
correlated with discharge at all sites (Table 2). Several 
days of heavy rainfall in August of 1982 and late July and 
August 1983 were responsible for the major peaks in transport 
of FPOM out of the upper watershed past Site 3. During April 
and June 1983, 38,500 kg of FPOM were transported past that 
Figure 5. Mean monthly concentration of CPOM in transport 
from the upper reach of Big Creek (kg month ) 
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TABLE 2. Correlation of CPOM, FPOM and DOM concentrations 
with discharge at Big Creek for the entire study 
period 
Site CPOM FPOM DOM 
1 0.94* 0 .95* 0.13 
2 0.07 0.93* 0.03 
3 0.92* 0.79* 0.12 
*p < .05. 
Figure 6. Concentration of FFOM at sites 1, 2 and 3, at 
the upper reach of Big Creek from July 1982 
through November 1983 (mg 1~ ) 
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Figure 7. Mean monthly rainfall at Big Creek Watershed 
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site. This represents 65% of the total 61,023 kg transported 
during the study period (Figure 8). 
Dissolved Organic Carbon 
The concentration of DOM was not significantly (p > 
0.05) correlated with stream discharge (Table 2). Seasonal 
concentrations of DOM fluctuated dramatically, ranging from a 
low of 6 mg/1 at Site 1 (late October, 1983) to a high of 79 
mg/1 (July, 1982) at Site 3 (Figure 9). Site 3 had 
consistently higher concentrations than sites 1 and 2. This 
may be explained by the animal disturbance in the Immediate 
area. Cattle had access to Site 3, and with a combination of 
bottom and bank disturbance and waste products being 
discharged into the stream, the DOM was consistently high. 
The number of cattle was reduced during the second field 
season and a significant drop in DOM was evident at Site 3. 
All three sites had high levels of DOM during the winter 
months, a time of buildup of decomposing materials on the 
sediments. 
Transport of DOM during the study period from this 
section of Big Creek (Site 3) showed a major peak during 
spring, 1983 (Figure 10). During April, 47% of the total DOM 
for the entire study (360,000 kg) was transported. 
The relationship between DOM and POM is expressed as 
their ratio in Table 3. The ratios ranged from a low of 3 
Figure 8. Mean monthly concentrations of FPOM In transport 
from the upper reach of Big Creek (kg month ) 
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Figure 9. Concentration of DOM at sites 1, 2 and 3, at the 
upper reach of Big Creek from July 1982 through 
November 1983 (mg 1 ) 
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Table 3. Mean monthly values for ratio DOM:POM for the 
upper reach of Big Creek during the study period 
from July 1982 to November 1983 
Year Month Site 1 Site 2 Site 3 
1982 Jun 6 
Jul 15 32 
Aug 4 4 
Sep 12 27 
Oct 12 15 
Nov 26 23 
Dec 
1983 Jan 79 58 59 
Feb 31 41 33 
Mar 
Apr 11 6 13 
May 22 16 14 
Jun 9 6 8 
Jul 33 6 3 
Aug 11 11 6 
Sep 8 10 8 
Oct 10 7 7 
Nov 7 4 5 
Mean 20 16 16 
41 
during July 1983 at Site 3 to a high of 79 at Site 1 during 
January 1983, 
Gross Primary Production and Ecosystem Respiration 
The values for gross primary productivity (GPP) and 
-  2  - 1  
ecosystem respiration (R), as gm carbon m day , for June 
to October 1982 and 1983 are shown in Figure 11. GPP ranged 
-  2  - 1  from a low of 1.9 gm C m day for June 1983 to a high of 
4.9 In August 1983. Ecosystem respiration ranged from a low 
of 2,5 gm C m ^ day ^ in September 1983 to a high of 7.4 in 
August 1983 (Figure 11). The mean values for GPP were 3.1 in 
1982 and 2.7 for 1983. Ecosystem respiration averaged 5.6 in 
1982 and 5.3 in 1983. 
Table 4 is a summary of the mean daily gross primary 
production (GPP) and ecosystem respiration (R) for the entire 
study area (upper reach) of Big Creek as well as carbon 
fractions transported out of the study section (kg C day ^). 
The data for the two years were similar. During 1982, the 
mean daily GPP was 20 kg C day ^ while the R value was 
somewhat higher at 36 kg C day ^ giving a GPP/R (P/R) ratio 
of 0,56. The carbon in transport during 1982 was dominated 
by DOC (260 kg) with the total transport being 334 kg C 
day ^. The ratio of total carbon in transport to the GPP 
for the entire reach during 1982 was 17/1 while the ratio of 
the total transport to the R was 9/1. The values for 1983 
Figure 11. Gross primary production and ecosystem 
respiration In the upper reach of Big Creek 
from June - October 1982 and 1983 (g carbon m~^ 
day ) 
10.0 -1 
ECO. RESP. 
JUN JUL AUG SEP OCT JUN JUL AUG SEP OCT 
82 82 82 82 82 83 83 83 83 83 
CO 
Month 1982/1983 
44 
TABLE 4. Gross primary production (GPP), ecosystem 
respiration (R) and carbon fractions in 
transport (CPOC^ FPOC, DOC), all values are in 
kg. carbon day for the upper reach of Big 
Creek during June, July, August, September and 
October 1982 and 1983 
Total Total Total 
Year GPP R GPP/R CPOC FPOC DOC Carbon Carbon/GPP Carbon/R 
1982 20 36 0 . 56 5 69 260 334 17 9 
1983 17 34 0 . 50 7 80 249 336 20 10 
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were slmlllar to those for 1982 showing a GPP/R (P/R) ratio 
of 0.50 and a ratio of total carbon In transport to GPP of 
20/1 and total transport to R of 10/1 (Figure 12). There 
were seasonal differences in the P/R ratios. The peak ratios 
were In the fall during both years and the lowest ratios were 
In the summer. 
Figure 12. Ratio of gross primary production to ecosystem 
respiration in the upper reach of Big Creek for 
the period of June - October 1982 and 1983 
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DISCUSSION 
Carbon Transport 
Dissolved organic carbon was the dominant form of 
organic carbon in transport in Big Creek. Other studies have 
also shown the dominance of this fraction in both lakes and 
streams (Fisher and Likens, 1973; De La Cruz and Post, 1977; 
Moeller et al., 1979; Wetzel, 1983). The dominance of DOM in 
comparison to POM is exemplified in Big Creek by the mean 
ratios of DOM : POM ranging from 16 at Sites 2 and 3 to 20 at 
Site 1 (Table 3). Table 5 lists the levels of DOC:POC for 
streams from several different biomes and of several 
different watershed areas. The ratios vary from 0.3 in White 
Clay Creek, Pa., a forested stream system, to 24 in Creeping 
Swamp Creek, Ga., a stream draining a wetland. A mean ratio 
of 16 for Big Creek was higher than the forested watersheds 
but lower than those dominated by wetlands or marshes. The 
study streams, summarized In Table 5, with a high DOC:POC 
ratio were those in watersheds dominated by non-woody 
vegetation. These ecosystems, as in Big Creek, have little 
in the way of al1ochthonous material added to the system and 
therefore a reduction in the particulate fractions. For 
example, the streams with a ratio greater than 10 include 
streams from one of the following watershed types: 
prairie/shrubland (Gurtz et al., 1982), tundra (de March, 
TABLE 5. Summary of several studies on DOC mean annual 
concentrations, output and DOC :POC ratios 
(t = metric ton = 1000 kg) 
Location 
Ref . 
Mean 
Annual 
DOC DOC 
DOC Area Load Output 
km DOC (mg 1 ) t yr t km yr POC 
South Br. 0.12 
Kings Cr . , Ks . 
prairie/shrub 
1 . 2  109 895 2 2  .  2  
South Br. 0.66 
Kings Cr., Ks. 
gallery forest 
Inlet 1 0.15 
Lawrence Lk., 
Michigan, forested 
1 . 3 
2 . 0 
474 718 15 . 1 
0 . 29 1.93 10.0 
Hubbard Bk. 0.16 
W2 - N. H. forested 
1 . 0 0  .  1 6  1.00 3.9 
Stream 1, 0.27 1.8 43 159 17.3 
Char Lk., N.W.T. 
tundra 
Stream 3, 1 1.9 180 174 21.8 
Char Lk., N.W.T. 
tundra 
White Clay 6 1.9 5.33 0.89 0.3 
Ck. Penn. 
forested 
Big Creek 16 11.4 362 22.90 16 
Iowa 
agricultural 
Creeping 80 17.3 142 1.80 24 
Swamp, Ck., Ga. 
marsh 
Sopchoppy 264 27 6400 24.22 23.5 
Rv., F1. marsh 
New Rv. 2929 24.3 43600 15 1.8 
Va. forested 
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Reference 
Gurtz et al,, 1982 
Gurtz et al,, 1982 
Wetzel and Otsuki, 1974 
Hobble and Likens, 1973 
de March, 1975 
de March, 1975 
Moel1er et al,, 1979 
Present Study 
Mulholland, 1981 
Malcum and Durum, 1977 
Newbern et al., 1981 
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1975), agriculture (present study) or swamp/marshland 
(Nulholland, 1981; Malcum and Durum, 1977) while those less 
than 10 are from watersheds dominated by forest cover (Hobble 
and Likens, 1973). The obvious result is a reduction In the 
DOC:POC ratio in the streams draining a forested watershed 
because of the Increased importance of DOC. 
A major source of autochthonous DOM in Big Creek is from 
decomposition of aquatic macrophytes. High levels of DOM 
during the late fall and winter months correlates with a 
slurry of decomposing coarse detritus, including aquatic 
vascular plant material and allochthonous detritus (mainly 
shrub/tree leaves), forming a layer approximately 2 cm thick, 
on the sediment surface. This release of DOM during 
macrophyte decomposition has been noted in other systems 
(e.g., Malcum and Durum, 1977). Related to this pulse of 
carbon was an Increase in the diversity and biomass of 
invertebrates during the fall and winter months (Robertson, 
1986 ) . 
A major addition to the levels of both POM and DOM in 
Big Creek is that from soil erosion. The state of Iowa has 
some of the highest rates of soil erosion in the United 
States (Iowa Dept. of Water Air and Waste Management, 1984). 
Runoff from agricultural activities, such as row cropping 
with subsequent soil disturbance, adds greatly to the 
concentration and seasonal dynamics of POM and DOM. Although 
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POM is highly correlated with discharge throughout the 
season, DOM is not. Despite this, there is a high 
concentration of DOM In the spring, the time of highest 
average discharge (Figure 9). One possible explanation of 
this may be a buildup of leachable organic materials in the 
soil during the winter which are subsequently flushed In the 
spring (Malcom and Durum, 1977). POM is deposited during 
base flow and then scoured during storm events. I observed 
thick layers of silt and detritus in runs and pools, during 
base flow, of up to a depth of 20 cm or more. During 
subsequent storm events, the material was scoured down to the 
blue clay base of the stream bed. The high correlation of 
POM with discharge is a result of the scouring of bottom 
materials as well as the POM in the runoff. Crop residues 
may be a major component of the CPOM. Though In the present 
study a major addition of crop residues was not apparent, 
others have shown this type of residue to be Important in 
specific agricultural systems (Barnum, 1984). 
Most streams In forested watersheds show a peak in the 
concentration of CPOM during the fall (Fisher and Likens, 
1973; Newbern et al., 1981; De La Cruz and Post, 1977). A 
peak In the concentration of CPOM In Big Creek is also 
related to the input of allochthonous detritus during the 
fall, especially at Site 2. These coarse particulate 
materials entered at and above Site 2 and settled out before 
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reaching Site 3 about 0.5 km downstream. This material was 
then available to the macro and micro biological communities 
at least until scouring by a storm event. Another source of 
CPOM during the fall is that of aquatic macrophtyes. The 
slow die-back of the extensive beds started in September and 
the residual materials were present in the system for much of 
the winter and may have represented a major nutrition source 
for the biota. 
A second input of al1ochthonous material occurred during 
the shedding of riparian grass seeds and related debris at 
sites 1, and 3 during the early summer (Figure 2). This 
phenomenon is an important contribution to the POM of 
agricultural stream systems where the cool season grasses 
dominate the riparian zone. The allochthonous grass material 
settled out between sites 1 and 2 (Figure 2). There Is 
little evidence of this pulse around Site 2 where the 
riparian vegetation is woody. Below Site 2 and above Site 3 
the riparian zone Is once again dominated by grasses and a 
large pulse of CPOM is seen at Site 3, 0.5 km below Site 2. 
There is no immediate pulse of invertebrates at this time, 
but other studies have shown that Invertebrates can eat grass 
seeds (G. W. Mlnshall, 1986 personal communication, 
Department of Biology, Idaho State University). Because of 
the nature of the grass seed, such as the presence of a 
sclerlfied seed coat (Daubenmlre, 1968), there may be a 
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period of time required for the seed to age and soften and be 
colonized with microbes before becoming an acceptable food 
source for the Invertebrates. 
Seasonal components of the CPOM at Big Creek are the 
algal masses that break loose and become part of the CPOM in 
transport (Figure 4). Though on a percentage basis the 
contribution was important to the total CPOM (e.g., November, 
1982 and May 1983), when considering total organic matter, 
the contribution was minor. The only important period for 
the contribution of algal blomass to the CPOM (in transport), 
was during late June and early July 1983 at a time when CPOM 
was at the highest concentration. At this time, 10% of the 
blomass transported was algae. Most of the blomass during 
this period was grass seed and related debris. Though in 
general, algal transport is of minor significance In Big 
Creek, the transport of algae has been shown to be important 
for larger rivers in Iowa by Swanson and Bachmann (1976). 
Those authors, making use of a significant (r = 0.994) linear 
relationship between the export of chlorophyll a and upstream 
bottom area, were able to predict the export of algae in Iowa 
streams. When the area of our study section of Big Creek was 
2 
used in the regression equation (bottom area = 6,569 m ) a 
total transport of 0.0293 kg d * of chlorophyll a was found. 
This is equivalent to much less than 1 % of the daily FPOM in 
transport. 
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Stream power (stream discharge X gradient X density of 
water) is one of the major factors Influencing seston load In 
streams and rivers (Nalman and Sedell, 1979). Sedell et al. 
(1978) found that although the relationship of stream power 
to transport of POM was weak when streams of several regions 
were compared, there was none the less a strong clustering of 
stream power vs. POM in transport for streams of a given 
_ 1 
region. The average power of Big Creek of 63 kg sec is low 
in comparison to upland streams which ranged from 385 to over 
3000 kg sec ^ (Sedell et al. 1978). In Big Creek, this 
results in high deposition rates and low seston loads during 
base flow. 
Gross Primary Production and Ecosystem Respiration 
The use of diurnal curves to estimate gross primary 
productivity (GPP) and ecosystem respiration (R) has been 
extensive (Odum, 1956, 1957; De La Cruz and Post, 1977; Lewis 
and Gerking, 1979), but few studies have had the extensive 
day to day data that I have accumulated. I have estimates of 
GPP and R from 73 diurnal curves for 1982 and 61 for 1983 
(June to October). The mean value for GPP is 2.87 g carbon 
- 2  - 1  
m day and R of 5.41 for the entire study section, 
resulting in a GPP/R (P/R) of 0.53. Mulholland (1981) in his 
study of Creeping Swamp Creek found an average GPP of 0.38 
over a two year period using estimates from January through 
56 
June. Respiration rates varied for Creeping Swamp from low 
levels of 0,003 in the winter to 0.05 In the summer. De La 
Cruz and Post (1977) used diurnal curves (one per season) to 
estimate GPP and R for a forested stream draining the 
southwestern coastal plain of Mississippi. The range of 
estimates for GPP were from a low of 1.3 grams carbon m ^ 
_ 1 
day in May to a high of 8.9 in June. For R, the low of 2.5 
occurred in May and the high of 15.7 in June. The P/R ratio 
never reached 1 during their study. At Big Creek the P/R 
ratio was equal to or exceeded 1 in only 4 days out of the 
134 days analyzed in June through October in both study 
years. Of the 4 days, 3 of them were during October 1982. 
The significance of the P/R ratio in streams is in the 
interpretation of the nature of autotrophy or heterotrophy in 
a given ecosystem. One interpretation is that if the P/R 
ratio is < 1 then the system is heterotrophic (Vannote et al. 
1980) and driven energetically by a predominance of 
al lochthonous material. Minshall (1978) discusses the 
difficulty of Interpreting the P/R ratios and further states 
that values less than 1 should not necessarily be Interpreted 
as a dominance of heterotrophy. Mann (1975) takes the idea a 
step further and suggests that a heterotrophic stream is one 
which imports a majority of its primary production from 
outside the system. For example, in a system with a P/R 
ratio of 0.60, 60% of its primary production is autochthonous 
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and 40% Is allochthonous. The usefulness of P/R ratios to 
classify a system as autotrophic or heterotrophic is 
questionable. Using the former definition, Big Creek is 
heterotrophic, on the average, for all months of the year 
(Figure 11). Using Mann's definition, Big Creek would be 
classed as an autotrophic system for all but June, July and 
August 1983. In either case. Big Creek has high levels of 
both GPP and R. The mean annual respiration rates for both 
-  2  - 1  1982 (5.7 gm carbon m day ) and 1983 (5.3) are among the 
highest reported in the literature. This is not surprising 
since the concentration of DOM is also among the highest 
reported and may be responsible for much of the respiration 
(Jorgensen, 1976; Sepers, 1977). Because of this large input 
of DOM Big Creek has to be dominated by allochthonous inputs 
despite high levels of GPP. 
During the periods when the P/R ratio was < 0.50, the 
inputs of POM were at the highest levels, late June and July 
at sites 1 and 3 and October and November at Site 2 (Figures 
2 and 6). This suggests that during this time of high inputs 
the microbial activity increases, decreasing the P/R ratio. 
Caution must be used in the interpretation of the ecosystem 
respiration because of the possibility that drainage accrual 
may result in an overestimate of R (Wetzel and Likens, 1979). 
Table 6 shows estimation of the average daily carbon 
production, consumption and export for Big Creek. Figure 
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Table 6. Average dally organic carbon production, 
consumption, and export (kg d ) from the upper 
Big Creek watershed in 1982 and 1983 
AQUATIC PRODUCTION 
Gross Primary Production within stream 19 
CONSUMPTION 
Ecosystem Respiration 35 
EXPORT 
Dissolved Organic Matter 
Fine Particulate Organic Matter 
Coarse Particulate Organic Matter 
Total 
TERRESTRIAL PRODUCTION 
Row Crops (corn and soybeans) 
TERRESTIAL INPUTS (calculated) 
Ecosystem Respiration + Export - Aquatic GPP 1853 
1654 
1 6 1  
22 
1837 
48528 
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13 expresses the same Information only as a model, with the 
addition of the standing crop of all stream food chain 
components. The amount of carbon in export from the system 
represents about 4 % of that produced in the terrestrial 
environment (R. Schlbles, 1986, Department of Agronomy, Iowa 
State University, Ames, Iowa). This includes several size 
fractions and shows the domination of DOM in export. The 
amount of terrestrial input that is fixed Is only about 2-3% 
(R - GPP)/terrestrial input to R + GPP/terrestrial input). 
Most of the carbon in this upper section of Big Creek "leaks" 
from the system. In other words, this material from the 
upper watershed contributes to the energy budget downstream. 
Certainly, then, when one considers the system as a whole, it 
would have to be classified as heterotrophic, a very minor 
part of the carbon being produced and or utilized in the 
stream. The concept of the P/R ratio adding information 
about the system is questionable. In this case, the P/R 
ratio is essentially useless in classifying the ecosystem. 
The relationship between the amount of carbon lost from 
a watershed and the amount fixed terrestlally, i.e., net 
primary production (NPP), is of Interest in order to 
understand carbon fixation processes in the ecosystem. Table 
7 compares the relationship between the transport of DOC from 
Big Creek to those streams reported on by Moeller et al. 
(1979). The streams in their study had a range of DOC export 
Figure 13. Carbon stocks and fluxes for the upper reach of 
Big Creek and associated watershed 
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CPOM =• 22 Kg C d-1 
FPOM = 161 Kg C d-1 
DOM = 1654 Kg C d"! 
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WATERSHED 
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1853 Kg C d-1 
WATERSHED 
GPP - 48528 Kg C d"^  
NPP - 34455 Kg C d'^  
•Periphyton/Macrophytes 
23 Kg C / 20 Kg C 
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Invertebralea 
13 Kg C 
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-I 
ECOSYSTEM RESPIRATION 
35 Kg C d-1 
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from 0.010 to 0.019 t ha ^ yr ^. The range Is narrow In 
comparison to the larger differences In GPP and NPP among the 
_ 1 
sites. Big Creek has a higher DOC export rate, 0.229 t ha 
-1 
yr , than any of the other systems, yet the GPP for Big 
Creek Is among the lowest In comparison, while the NPP Is the 
highest on a basis of percent of GPP. This Is not unexpected 
considering the low maintenance (respiration) costs of the 
vegetation In the watershed. The high transport of DOC from 
Big Creek results in a ratio of DOC:NPP of close to 3 %, 
Indicative of the nature of the "disturbed" agriculture 
community (corn and soybeans) In the watershed. Even though 
this represents only a small fraction of watershed NPP, it is 
much greater than that of streams in forested watersheds but 
Is similar to the high levels in streams in tundra watersheds 
(Peterson et al., 1986). 
Several studies have shown that undisturbed watersheds 
tend to be highly retentive of nutrients (Odum, 1969; Likens 
et al., 1970; Vltousek and Relners, 1975; Vitousek, 1982) 
and this tendency increases as ecosystems mature. If DOC is 
considered to be a nutrient, then there are interesting 
implications for the ecology of Big Creek watershed. When 
comparing the ecosystems in Table 7, a characteristic of 
most of them is their level of maturity. The Big Creek 
watershed is held in a continuous state of immaturity by a 
predictable seasonal disturbance, thus the watershed is 
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TABLE 7. Dissolved organic carbon (DOC) export, watershed 
gross primary production (GPP), watershed net 
primary production (NPP) and the export of DOC as 
percent of GPP and NPP (t ha yr ) 
Site® DOC GPP NPP DOC as % GPP DOC as % NPP 
White Clay Ck. 0.014 33.8 16.9 0.041 0.083 
PA. 
Augusta Ck. 0.019 27.0 13.5 0.070 0.141 
MI . 
Salmon Rv. 0.012 6.0 3.0 0.200 0.400 
ID . 
McKcnzle Rv. 0.010 124.0 8.0 0.008 0.125 
OR . 
Coweeta <0.020 17.4 8.7 0.115 0.230 
N.C. 
(watershed 18) 
Hubbard Br. 0.010 23.0 11.5 0.043 0.087 
N.H. 
Findley Lk. 0.018 75.0 5.0 0.024 0.36 
Ecol. Reserve 
Big Creek 0.229 11.2 7.9 2.00 2.90 
lA. 
®A11 data from Moeller et al., 1979 except Big Creek. 
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predictable seasonal disturbance, thus the watershed is 
continuously "leaking" both nutrients and DOC. Despite this, 
during the growing season, the concentration of DOC was lower 
than during the winter and spring, possibly because of the 
increased retention from the high NPP in the watershed. DOC 
does not correlate with discharge, therefore other factors, 
such as retention by vegetation must be an important factor. 
Vitousek and Reiners (1975) suggest that the interpretation 
that mature ecosystems are tight and immaturity leads to 
leakage can be misleading. High leakage occurs mainly in 
recently disturbed systems and caution should be applied in 
using these systems to compare nutrient losses in undisturbed 
immature systems to mature ones (Vitousek and Reiners, 1975). 
Recent studies have referred to the existence of "oases" 
or areas with reduced disturbance associated with 
agricultural watersheds (Congdon, 1971; Luey and Adelman, 
1980; Marsh and Waters, 1980; Karr and Dudley, 1981; Marsh 
and Luey, 1982; Menzel et al., 1984). The studies have shown 
that areas downstream that have retained riparian vegetation, 
undisturbed banks, Instream habitat and a consistent flow 
regime have maintained fish and invertebrate community 
structure despite the agriculturally related problems 
upstream. Karr and Dudley (1981) Identified four elements 
that play primary roles in the determination of the 
ecological integrity: water quality, flow regime, habitat 
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structure and energy sources. Previous studies have 
described the first three elements within the "oases" found 
In agricultural stream systems. The last element, that of an 
energy source, has been shown to exist In Big Creek. The 
high levels of DOM are probably an Important energy source, 
but CPOM, though usually low In concentration, may also be 
Important during periods of high al1ochthonous input. Site 2 
is especially important in the energetics of the upper reach 
of Big Creek because of the woody riparian vegetation present 
in this section. As shown, a major portion of the 
al1ochthonous material settles out and is available as an 
energy source for the invertebrate community (Figure 2). 
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CONCLUSIONS 
1) The carbon fixed In Big Creek (GPP and R) was 
equivalent to 6 % of the organic carbon transported out of 
the upper watershed. This Is an indication of the large 
amount of "leakage" in the Big Creek Watershed. This 
material ends up downstream and adds to the energy budget of 
lower Big Creek. 
2) The respiration levels in Big Creek are nearly 
double that of the gross primary productivity. This 
indicates at least some utilization (about 2%) of the 
watershed al lochthonous materials in the energy budget. 
3) Of the total carbon produced in the watershed (48500 
kg d ^), 4 % (1850 kg d ^) Is added to upper Big Creek. This 
material is in the form of several size fractions. DOM 
dominated this input, making up 90 % of the total, FPOM was 9 
% and CPOM was 1 %. Despite the limited quantity of CPOM, 
its importance may be greater than its proportional abundance 
tends to imply. The CPOM entering the system settles out 
onto the sediment surface, at least temporarily, and may 
contribute to the energetics more directly than the other 
size fractions much may which remain suspended in the water 
column. 
4) During times of high primary production in the 
watershed, the DOC concentration in Big Creek is reduced. 
During periods of low production, DOC is at peak 
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concentrations. Assuming that DOC precursors are retained by 
terrestrial vegetation In a similar manner as inorganic 
nutrients, then a combination of factors may interplay to 
cause this seasonal pattern. During the periods of high 
watershed production, DOC precursors may be retained and 
utilized by the terrestrial vegetation. Likewise during 
periods of reduced watershed production, leakage may occur, 
and DOC is introduced to the system. Another factor 
influencing DOC concentration may be that during times of low 
terrestrial production (spring and winter) there is a buildup 
of organic carbon in the soil, probably from decomposition, 
which is slowly released during times of snowmelt in the 
spring. The DOC is eroded and leached from the soil. 
5) Though Big Creek does not fit the predicted (River 
Continuum Concept) ratios of DOC:POC for low order streams, 
the carbon budget of the stream is, none the less, dominated 
by allochthonous carbon input in the form of DOC. The 
CPOM:FPOM ratio in Big Creek fits that predicted by the River 
Continuum Concept for middle sized streams (4-5th order). 
The authors of the concept (Vannote et al., 1980) suggest 
that low order streams in disturbed watersheds, such as Big 
Creek, will have the characteristics of middle sized streams. 
Vannote (et al. 1980) have referred to this as a "reset 
mechanism" or shift upstream of the predicted 
characteristics. 
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SECTION II. INVERTEBRATE DYNAMICS IN AN AGRICULTURALLY 
IMPACTED STREAM ECOSYSTEM 
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ABSTRACT 
The Invertebrates of agriculturally impacted streams 
have not been studied in detail, especially with regard to 
the functional group concept of Cummins (1973). This study 
analyzes the invertebrate functional groups in the upper 
reaches of Big Creek, Iowa, and compares the annual biomass 
for each functional group with the predictions of the river 
continuum concept. 
The shredders showed a peak biomass during the fall and 
winter. There was a significant relationship between 
shredder biomass and the concentration of coarse particulate 
organic matter (r = 0.73, p = 0.02). 
The collector/fi1 terers showed two peaks in both numbers 
and biomass, in the early summer and late fall and into the 
winter. The relationship between mean individual weight 
(biomass/numbers) and the concentration of suspended 
chlorophyll a was significant (r = 0.74, p = 0.01). 
The collector/gatherers were dominated by several 
species of the family Chironomidae. This group was 
cosmopolitan, in that all substrates had high numbers. They 
did not show any significant relationships to any of the food 
resources measured. 
The scrapers were present in greatest numbers during the 
late fall and winter. There was a significant relationship 
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between gross primary production and the change In individual 
mean weight (r = 0.66, p = 0.05). 
The predators were present year round but showed peak 
abundance during the late fall and early winter. The 
relationship between the predators and the biomass of all 
other invertebrates was significant (r = 0.64, p = 0.04). 
The relationships of the functional groups to their 
predicted food resources and their percent composition, in 
Big Creek, did follow the predictions of the River Continuum 
Concept and the idea of a reset mechanism, involving a shift 
of the River Continuum characteristics upstream. 
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INTRODUCTION 
Studies on the basic ecology of aquatic Invertebrates, 
involving diverse areas such as population dynamics, trophic 
dynamics and behavior, have received much recent attention in 
the literature (Resh and Rosenberg, 1984). One particular 
area of interest is that of feeding dynamics. Cummins and 
Klug (1979) asserted that most aquatic Insects, and many 
aquatic Invertebrates in general, are omnivores. For 
example, insects that chew leaf litter may Ingest much more 
than Just the basic leaf litter. Much of their nutrition 
comes from the mlcroblota associated with the leaf litter as 
well as algae attached to the leaf surface. Because of the 
omnivory exhibited by many aquatic Invertebrates little 
Information on the functioning of the associated community is 
gained by the traditional use of trophic relationships such 
as those used In terrestrial communities. An approach 
introduced by Cummins (1973), that of relating food resource 
categories to a classification of the invertebrates based on 
morpho-behavioral mechanisms of food acquisition, shows 
promise for analyzing linkages between aquatic invertebrates 
and their food sources. The food resource categories are 
based upon: 1) size range of the food material (e.g. coarse, 
medium and fine) and 2) general location (attached, 
suspended in water column, deposits in sediments, live 
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animals etc.). This classification is a functional group 
classification in that it distinguishes taxa on the basis of 
different functions performed in the aquatic ecosystem with 
respect to processing of "nutritional resource categories" 
(Merrlt and Cummins, 1984). 
The River Continuum Concept is an attempt to develop and 
characterize invertebrate communities in stream ecosystems 
from observations of the Interactions of the physical and 
trophic phenomena that occurs along a gradient (Vannote et 
al., 1980). The concept relates stream morphology, current 
velocity, substrate characteristics, temperature and 
watershed energy Inputs and allochthonous production to the 
energy available to the invertebrate community. In general 
the concept suggests that low order forested streams, because 
of massive inputs of allochthonous coarse particulate organic 
matter, would have shredders as a major functional component 
of the invertebrate community. In higher order streams, the 
shredders are replaced by Invertebrates feeding on other food 
groups that have replaced the coarse particulate material, 
such as autochthonous material in middle order streams and 
fine particulate material in larger rivers. 
Hawkins and Sedell (1981) studied the longitudinal and 
seasonal changes In functional organization of 
macroinvertebrate communities in four Oregon streams. They 
found that both the relative abundances and densities of the 
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functional groups fit the qualitative characteristics put 
forth in the River Continuum Concept. They showed that 
shredders dominated upper shaded reaches, scrapers were most 
important In the intermediate-sized reaches, collectors 
increased in importance progressively downstream, and 
predators were nearly constant in relative abundance at all 
sections. They also found significant correlation between 
the invertebrate functional groups and quantitative estimates 
of food sources as predicted by the River Continuum Concept. 
Cummins et al. (1981) studied the interrelationships of 
invertebrate functional groups with the fluxes of organic 
matter in Michigan streams. They found that these streams 
also follow the basic tenets of the River Continuum Concept. 
The abundance of shredders in the first order stream and the 
increased scraper populations downstream along with 
relatively constant numbers of predators follow the 
predictions of the River Continuum Concept. 
Little is known about the dynamics of invertebrate 
functional groups in agricultural stream ecosystems. 
Midwestern streams may not follow many of the ideas put forth 
in the River Continuum Concept (Karr and Schlosser, 1978). 
Streams in many midwestern agricultural areas are 
characterized by cultivated field drainage, high nutrient 
levels and highly disturbed and open riparian zones (Karr and 
Schlosser, 1981). The invertebrates in these agricultural 
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headwater streams are exposed to a different set of resources 
than those In streams occupying a forested watershed. Though 
there are few detailed studies of Invertebrates in such 
streams, Marsh and Waters (1980) did study undisturbed lower 
sections of streams downstream from agricultural areas in 
Minnesota. They concluded that the Impact of upstream 
drainage development on downstream benthic invertebrates was 
minimal. Barnum (1984) found that leaf packs and artificial 
substrates In agricultural streams were colonized 
predominantly by collectors and scrapers. Others, with data 
from invertebrate drift and/or artificial substrates, also 
suggest a dominance of scrapers and collectors (Moore, 1977; 
Zimmer and Bachmann, 1978; Menzel et al., 1984). There have 
not been any detailed quantitative studies in agricultural 
streams on Invertebrate functional dynamics and the 
simultaneous and quantitative analysis of their food sources. 
The purpose of this study is to apply the functional 
group classification for aquatic invertebrates to a community 
in an agriculturally stressed ecosystem, and to understand 
better the seasonal dynamics of food resource abundance and 
utilization in such a stressed system. We are interested in 
answering the basic question: Does an agriculturally 
disturbed stream system have an organized and predictable 
seasonal invertebrate community based on the availability of 
predictable food resources as put forth In the River 
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Continuum Concept? We will also compare structural 
characteristics of the Invertebrate community In the stream 
to those In streams occupying less disturbed systems. 
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METHODS and MATERIALS 
This study took place about 1 km downstream from the 
headwaters of Big Creek. Big Creek is a channelized, second 
order stream with the headwaters in Boone County, Iowa 
(Figure 1). The stream flows south and eventually is dammed 
to form Big Creek Lake, During the two years of this study, 
the depth averaged 0.25 m and the discharge ranged from 0.05 
3 - 1  - 1  
m sec to 0.12 sec in our study section. The watershed 
is used predominantly for agricultural purposes (Figure 1) 
with the predominant crops being soybeans and corn. Overall 
land use in the watershed can be divided into 3 major areas: 
agriculture (row crops) at 84%, managed grasslands at 8% and 
residential/industrial at 4%. The mean values for 
alkalinity, conductivity, NO^-NO^ N and turbidity are in 
Table 1. The nutrient levels in Big Creek are high 
throughout the year and like many mldwestern streams are high 
in comparison to streams from other regions. The turbidity 
was surprisingly low at base flow, but very high during and 
just after rainfall events. 
The study area is dominated by 3 substrate types; a 
dense bed of Potamogeton fiect^natus (seasonal), a large area 
of sandy silt and a smaller area of coarse sand and gravel. 
The riparian vegetation in this section of Big Creek is 
Figure 1. Upper Big Creek Watershed, Boone County, Iowa 
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watershed 
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TABLE 1, Mean values for 5 physical/chemical parameters 
at the study section of Big Creek, number in 
parentheses is the standard deviation of the 
mean 
Parameter Mean Range 
Alkalinity 273 (41.3) 169-332 
(mg 1 ^ as CaCOg) 
Specific Conductance 773 (184.5) 426-1450 
_ J (umhos cm. ) 
Nitrate + Nitrite 3.02 (2.06) 0.17-6.3 
N1 trogen 
(mg l"^) 
Total Phosphorus 0.13 (0.17) 0.05-0.35 
(mg 1~^) 
Turbidity 
(NTU) 
3.45 (5.17) 1.2-25 . 0 
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dominated by a mixture of grasses and shrubs with a few 
Interspersed burr oaks (fiuercus ma^rooarga). The 
invertebrates were sampled using a modified Hess sampler with 
2 
an area of 380 cm . Three samples were taken from each 
substrate at monthly Intervals throughout the summer and 
fall. During the winter and the spring, several additional 
collections were made. The samples were preserved in ethyl 
alcohol and sorted and keyed in the laboratory. The 
invertebrates were keyed to the lowest level needed to place 
them in functional groups as specified by Merrit and Cummins 
(1984). The aquatic Invertebrate functional group concept, 
as defined by Cummins, is based upon the animals' predicted 
diet preferences and feeding morphologies, and includes 6 
general groups: Shredders or "chewers" of coarse particulate 
organic matter (CPOM > 1mm) which trophically may be 
described as detritivores, and "chewers" of living 
macrophytes, thus fitting the trophic equivalent of 
herbivores; Çoj^^eç^ors within which 2 specific feeding 
morphologies can be found, the "filterers" which feed upon 
fine particulate organic matter (FPOM < 1 mm > 0.45u) and the 
"gatherers" or deposit sediment feeders that feed upon the 
loosely aggregated materials on the sediment; Scrapers or 
grazing herbivores that feed upon the attached algae from 
mineral or organic surfaces; Predators that feed upon the 
living tissues of other animals; Piercers or herbivores that 
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feed by piercing the tissues of aquatic macrophytes or 
filamentous algae; and Parasites which are internal and 
external parasites that feed on the living tissues of eggs, 
larvae, pupae and adults of other organisms. 
The number of organisms and their biomass (as carbon) 
within each functional group was determined. The carbon was 
estimated by assuming a relationship of 1 g of dry weight = 
0.6 g carbon (Waters, 1977). A comparison (analysis of 
variance) of the differences by season and substrate for the 
total invertebrate numbers and biomass were made using 
statistical analysis package (SAS, F test for analysis of 
variance). An analysis of the correlation of each of the 
functional groups (biomass and/or numbers) with the abundance 
of their predicted food source was run. 
Suspended algal chlorophyll a was measured 2-4 times 
monthly from June through October 1982 and 1983. For 
chlorophyll a determinations, known volumes of water were 
filtered through Whatman GF/C glass fiber filters and stored 
with desiccant in a freezer until analysis. Before analysis 
the samples were soaked in a mixture of dimethyl sulfoxide 
(DMSO) and 90 % acetone (50:50) and soaked in the dark for 20 
hours (Jones, School of Forestry, Fisheries and Wildlife, U. 
of Missouri, Pers. Communication). Concentrations of 
chlorophyll a and phaeophyton were determined according to 
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Richards and Thompson (1952) and Yentsch and Menzel (1963), 
using equations of Strickland and Parsons (1968). 
Benthic chlorophyll a and phaeophyton biomass were 
approximated from June through October in 1982 and 1983, by 
allowing algae to colonize 9X13 cm bricks located on the 
stream bottom. The colonization period was approximately 21 
days. After the colonization period, the algae were scraped 
from the bricks and the samples were immediately returned to 
the lab on ice and processed in the same manner as the 
plankton samples. 
Samples of organic matter; CPOM (coarse particulate 
organic matter, > 1 mm), FPOM (fine particulate organic 
matter, < 1mm > 0.45u), and DOM (dissolved organic matter, 
< 0.45u) were sampled on a regular basis. Methods and 
sampling regime can be found in Robertson (1986). 
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RESULTS and DISCUSSION 
Substrate Characteristics 
Figure 2 shows results of particle size analysis of the 
three substrates sampled at Big Creek. Though this analysis 
represents a single sampling period of the substrates present 
during July of 1983, I feel that the 3 substrates in this 
sample were always present throughout the year, though the 
coverage for any given substrate may have shifted. This was 
taken into account by mapping the benthic area during each 
sampling period. 
Substrate 1 was the "riffle" substrate and is dominated 
by gravel (phi size -4) and some sand size fractions. 
During some seasons, there were major growths of both 
filamentous and unicellular algae growing on the gravel. 
Substrate 2 Is a well-mixed sample with the highest 
composition being sand (phi size between 0 through 4). This 
substrate, during the early summer and mid fall had extensive 
blooms of eplpsammlc and eplpellc diatoms. Substrate 3 was 
dominated by sand and mud. This substrate had the highest 
percent of mud/silt. The extensive beds of aquatic 
macrophtyes that developed in Big Creek were, for the most 
part, occupying this substrate. 
Figure 2. Substrate particle size distribution for 
substrates sampled during July 1983 
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Invertebrate Dynamics 
A total of 5 functional groups were present at Big Creek 
(Table 2) representing 32 families from 14 orders. The 
"rarest" functional group present was the herbivore/piercer 
group and the most common was the collector/gatherer group. 
In Table 3, a comparison Is made between the differences 
In Invertebrate numbers and blomass among the three 
substrates. When comparing the overall numbers of 
Invertebrates In each substrate to those In the other 
substrates, we do find some significant differences. The 
blomass of invertebrates in substrate 3, mud, was 
significantly greater than that of substrate 1, the gravel, 
(F = 34.91, p > F = 0.0001). Likewise blomass In substrate 
3 was significantly greater than that in substrate 2, the 
mixed substrate, (F = 20.58, p > F = 0.0001) thereby having 
the largest blomass of the 3. Substrate 3 was dominated by 
an organic rich mud, capable of supporting a dense bed of 
Potamogeton Rect^natus. This substrate was much richer than 
the riffle substrate, substrate 1, and appeared to have more 
organic matter than substrate 2, which is dominated by sand. 
The organic content of the sediments was higher in substrate 
3 and may have been the reason for the the significantly 
higher blomass. The organic matter was probably a food 
source for both oligochaetes and burrowing diptera. The 
vegetation at substrate 3 was utilized, as a habitat, by 
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Table 2. Invertebrate functional groups from Big Creek, 
Iowa, 1982 and 1983 
Taxon Functional Group 
Ephemeroptera 
Baetldae 
Caen 1dae 
Caen^s 
HeptagenlIdae 
Stenocron 
Stenonema 
Odonata 
Aeshnldae 
Coenagrlonidae 
Hemlptera 
Corlxldae 
Trlchoptera 
Hydropsychi dae 
Hydroptilldae 
Agraj^lea 
Leptocerldae 
Phryganeldae 
Agryenla 
Psychomy1Idae 
Psyçhomia 
Lepldoptera 
Pyralldae; 
Coleoptera 
Dyt1scldae 
Dryopldae 
Elmldae 
Hydrophl1Idae 
Ï£2Ili2.î.£LQ!iâ 
collector/gatherer 
collector/gatherer 
scraper 
scraper 
collector/gatherer 
scraper 
collector/gatherer 
predator 
predator 
predator 
collector/fllterer 
piercer/herbivore 
shredder/herbivore 
shredder/herbivore 
col lector/gatherer 
scraper 
shredder/herbivores 
predator 
scraper 
col lector/gatherer 
collector/scraper 
gatherers 
C O  Hector/gatherer 
predator (larvae) 
Dlptera 
Ceratopogonldae 
Chlronotnldae 
predator 
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Table 2 (continued) 
Taxon Functional Group 
Chlronominl col lector/gatherer 
Tanypodi nae predator 
Tanytarslni col lector/gatherer 
Empldldae 
Hemerodromia predator 
collector/gatherer 
MuscIdae 
LimnoEihora predators 
Simulidae 
S XniMiiMDl collector/filterer 
Tlpuîidae 
Hol_orusîa shredders/detrltiv 
PiiâEiâ predators 
01Igochaeta col lector/gatherer 
Hlrudlnea 
Erpobdellldae predator 
Glossiphoniidae predator 
Hi rudlnldae predator 
Amph i poda 
Talitridae 
aztGça collector/gatherer 
scraper 
Decapoda 
Astacidae shredder 
I sopoda 
Asellidae 
Ase l_]^us collective/gatherer 
facultive shredder 
Gastropoda 
Phys i dae scraper 
Planorbldae scraper 
Valvatidae scraper 
Pe1ecypoda 
Sphaer1idae collector/filterer 
95 
Table 3. Comparison of differences of Invertebrate numbers 
and blomass between substrates (for each 
substrate n = 39) 
Comparison/numbers F value 
Su I) strate 1 vs. Substrate 2 0.94 
Substrate 3 vs. Substrate 3 3.36 
Substrate 2 vs. Substrate 3 0.72 
Comparlson/blomass 
Substrate 1 vs. Substrate 2 1.64 
Substrate 1 vs. Substrate 3 34.91 
Substrate 2 vs. Substrate 3 20.5 8 
p > F 
0 . 33 
0  .  0 6  
0 .40 
0  .  2 0  
0 . 0 0 0 1  
0 . 0 0 0 1  
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one of the major predators in upper Big Creek, the 
coenigrinonid damsel flies. This predator was common in Big 
Creek and its "habit", as defined by Merritt and Cummins 
(1984) as a climber, explains why it is found among the 
macrophytes in Big Creek. 
The seasonal dynamics of all Invertebrates in Big Creek 
are shown in Figure 3. Invertebrate numbers and biomass are 
greatest during the winter. The biomass trend is for 
increasing biomass from summer to winter with a decrease 
(emergence) towards spring. Invertebrate numbers decrease 
from summer to fall with an increase in winter followed by a 
decrease in the spring. Some of these seasonal differences 
were significant (Table 4). The high winter numbers are 
significantly greater than the fall numbers and the spring 
numbers. The high biomass in the winter is significantly 
greater than that in the other three seasons. The pattern 
shown though is not unusual (Hynes, 1970). The high numbers 
in the summer may represent the hatching of eggs, especially 
of the Chironomidae, which were common in the early summer. 
Chironomids also have a short live cycle as evidenced in the 
drop in numbers from early summer to fall. Many of the 
insects with a longer life cycle hatch in the fall and grow 
over the fall and winter. 
Figure 3. Seasonal distribution of total invertebrate 
blomass and numbers in the study section of Big 
Creek 
6000 
5000-
Number [Ml Biomass 
hi iiii.ui 
4000-
3000-
2000-
1000-
0 
r 6000 
txi 
h 5000 o 
4000 w 
3000 o 
p 
>1 
2000 ° 
1000 
0 
4 
N 
Summer Fall Winter Spring 
99 
Table 4. Seasonal differences for Invertebrate numbers and 
biomass at Upper Big Creek (Summer, n = 54 ; Fall, 
n = 36; Winter, n = 18; Spring, n = 9) 
Comparison/numbers F value P > F 
Summer vs. Fall 2 . 38 0 . 12 
Summer vs. Winter 0 . 67 0 .41 
Summer vs. Spring 3 . 36 0 . 07 
Fall vs. Winter 3 . 72 0 ,  05 
Fall vs. Spring 0 . 85 0 . 36 
Winter vs. Spring 4 . 69 0 , 03 
Comparison/biomass 
Summer vs. Fall 2 . 14 0 , , 14 
Summer vs. Winter 15 . 11 0 . 0001 
Summer vs. Spring 0 . 04 0 , , 84 
Fall vs. Winter 6 . 87 0 . 0089 
Fall vs. Spring 1 .02 0 . 31 
Winter vs. Spring 7 .40 0 . 0067 
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Shredders 
Shredders were found in all three substrates but were 
most common in substrates 1 and 3 (Figure 4). About 25% of 
the shredders were associated with substrate 1, the riffle. 
Debris did build up in the riffle and most of the shredders 
were observed within small debris dams. In streams in 
forested watersheds debris dams play a major role in 
providing habitat and a food source for a major portion of 
the invertebrate community, especially the shredders (Bilby 
and Likens, 1980) but the importance of debris dams in Big 
Creek is much reduced due to the lack of large snags and the 
low density of the riparian vegetation. Substrate 3 was 
covered in the fall and much of the winter with a slurry of 
decomposing Potamogeton which should have been an excellent 
food source for the shredders. 
The shredders showed both peak numbers and biomass 
during the of fall 1982 and winter of 1983 (Figure 5). 
During the fall of 1983, their numbers and biomass started to 
peak and suddenly dropped during November. This dramatic 
drop cannot be explained from the data collected. 
The relationship between shredders and CPOM 
concentrations during summer and fall is significant (r = 
0.73, p = 0.02). The allochthonous CPOM added to Big Creek 
was in the form of leaves shed from riparian shrubs along the 
middle of the study section. The concentration of CPOM was 
Figure 4. The distribution of Invertebrate functional 
groups in the three general substrates In the 
study section of Big Creek 
CZ] — Substrate 1 — Substrate 2 — Substrate 3 
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Figure 5. The seasonal distribution of shredder biomass 
and numbers in the study section of Big Creek, 
error bars represent the average standard 
deviation of the mean 
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greater In the fall than during any another season (Figure 
6). As previously discussed, another potentially major food 
source for the shredders is the decomposing macrophytes which 
formed a slurry of organic debris which was mixed, on the 
sediment surface, with allochthonous inputs from the 
watershed. This material remained in the stream throughout 
much of the fall and into the winter. 
Hawkins and Sedell (1981) also found a significant 
correlation between the density of shredders and CPOM in 
Oregon streams. Other earlier studies (Egglishaw, 1968 and 
Fahy, 1975) found positive relationships between detritus 
levels and presence of the shredder functional group. 
Despite these similarities of Big Creek with forested 
systems, the CPOM levels and the subsequent increase in the 
shredder communities in forested streams is on a much greater 
scale than the similar relationship in Big Creek. For 
example in Hawkins and Sedells' (1981) study on Oregon 
streams, the shredder component comprised more than 50% of 
the invertebrate community during times of peak CPOM input. 
Lower levels of CPOM in Big Creek are responsible for the 
subseguent lower shredder biomass (18 % of the total 
biomass ) . 
Çolleçtors/f^^terers 
The collectors/filterers were common on all 3 substrates 
in Big Creek (Figure 4). Substrate 1 had a firm surface for 
Figure 6. The mean seasonal concentrations of CPOM, FPOM 
and DOM In the study section of Big Creek 
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the attachment of the larvae of the Slmulidae and 
Hydropsychidae, the two most dominant taxa of filter feeders 
In Big Creek riffles. Slmullds were also common on the 
aquatic plants and submerged terrestrial plants and made up 
nearly all filterers found on substrate 3. The dominant 
filterer in substrate 2 was individuals of the Sphaerlidae, 
the fingernail clams. They were also most abundant in the 
fall and winter. 
The col 1ectors/fi1terers showed two peaks in both 
biomass and numbers, one during early summer and the second 
during late fall and winter (Figure 7). The relationship 
between the mean individual weight (biomass divided by 
numbers) and the concentration of plankton (expressed as 
chlorophyll a) is significant (r = 0.74, p = .01). Figure 8 
exemplifies this relationship showing the suspended algae 
reaching a peak in the fall of both 1982 and 1983. Though 
the concentrations of suspended algae in Big Creek are never 
high and suspended algal production rates are also low 
(Kortge, 1984) the filter feeders were still able to maintain 
a high biomass. Fredeen (1960, 1964) showed experimentally 
that Slmulium larvae will develop from egg to adult when fed 
pure suspensions of bacteria at the same concentrations found 
in natural waters. So even low levels of suspended algae 
(and bacteria) may provide adequate nutrition for filter 
feeders. 
Figure 7. The seasonal distribution of collector/fllterers 
In the study section of Big Creek, error bars 
represent the average standard deviation of the 
mean 
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Figure 8. The distribution of periphyton and suspended 
algae in Big Creek from June through October, 
1982 and 1983, values are estimates of 
chlorophyll ^ 
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Are bacteria an Important source of food in Big Creek? 
I did not attempt to estimate the biomass of bacteria present 
within the stream, however there may be some indirect 
evidence that bacteria numbers were high especially during 
the winter. From the information in Figure 6 we know that 
the concentration of DOM in Big Creek was very high during 
the winter and furthermore we know that the fllterers were 
most abundant during this time. It has been shown that 
bacterial numbers do increase markedly in response to DOM 
loading (Cummins et al., 1973). Wetzel and Manny (1972), 
showed in large experimental streams, that leaf leachate was 
composed of a large portion of bacterio1oglcally labile DOC 
that was easily decomposed (T^^^ 2 days) and a more 
refractory fraction (T^yg 80 days). Perhaps a major portion 
of the DOM in Big Creek, during the winter, was labile, 
therefore supporting bacteria which in turn supported the 
population of fllterers that were present at the same time. 
In addition, a quantity of DOC has been shown to precipitate 
(Lush and Hynes, 1973) which may also have been an important 
food source for both fllterers and gatherers during the time 
of high biomass. 
The relationship of the fllterers with FPOM 
concentration (Figure 6) is not significant (r = -0.12, p = 
0.74). This may not be surprising when one considers the 
potentially low nutritional quality of the FPOM. Hawkins and 
114 
Sedell (1981) also found a low correlation of FPOM to biomass 
of collectors/fllterers in Oregon streams and concluded that 
the FPOM was probably composed predominantly of refractory 
organic particles of low nutritional value. 
Collectors/gatherers 
The collectors/gatherers were commonly found on all 3 
substrates (Figure 4). Their cosmopolitan nature probably 
comes about because of the high diversity of this group and 
the dominance of this group by the Chironomidae. The 
Chironomidae inhabit virtually every type of water course 
(Coffman, 1984). Chlronomid larvae are known to feed on a 
variety of organic substances including coarse detrital 
particles (leaf and wood shredders), medium detrital 
particles deposited on the sediments, fine detrital particles 
in suspension or in deposits, algae (benthic or suspended) 
and to a lesser extent, vascular plants (Coffman, 1984). It 
is probably because of this omnivory that there were no 
correlations between biomass or numbers with the measured 
food sources of CPOM (r = 0.09, p = 0.80), FPOM (r = -0.01, p 
= 0.97), DOM (r = -0.06, p = 0.98), periphyton (r = 0.27, p = 
0.45), suspended chlorophyll a (r = -0.44, p = 0.21). 
Several pulses of both numbers and biomass occurred during 
the study (Figure 9) therefore the collectors/gatherers, 
dominated by the Chironomids, were always abundant in Big 
Creek. They have many characteristics of r strategists or , 
Figure 9. The seasonal distribution of collector/gatherer 
biomass and numbers in the study section of Big 
Creek, error bars represent the average standard 
deviation of the mean 
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opportunistic organisms (MacArthur and Wilson, 1967) that 
give them a selective advantage In highly disturbed and 
unpredictable environments Including short life cycle, 
therefore, being able to complete a life cycle before any 
disturbance occurs; the ability to feed on several different 
food groups (I.e., omnivorous); high fecundity and excellent 
dispersive capabilities. 
Scrapers 
The scrapers were much more common on substrate 3 as 
compared to the other two substrates (Figure 4). They may 
have been feeding on the epiphytic algae present on the 
macrophytes, or In the fall and winter, on the decomposing 
macrophytes themselves (Potamogeton Bect^natus). Though not 
measured during the fall and winter, a diatom bloom was 
present during much of this period on all 3 substrates. 
The scrapers were present In greatest numbers during 
late fall and winter (Figure 10). Both their blomass and 
numbers were highest at this time. Though estimates of GPP 
were taken only during part of the year (June through October 
1982 and 1983) there was a significant relationship between 
gross primary production and the change in mean weight of the 
scrapers (r = 0.66, p = 0.05), but the relationship with 
daily metabolism was not significant (r = 0.49, p = 0.18). 
The relationship between scrapers and periphyton levels was 
also not significant (r = -0.27, p = 0.44). Hawkins and 
Figure 10. The seasonal distribution of scraper blomass 
and numbers In the study section of Big Creek, 
error bars represent the average standard 
deviation from the mean 
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Sedell (1981) did notice a significant relationship of 
scrapers with perlphyton on cobbles In Oregon streams, but 
did not find a relationship with gross primary production or 
net daily metabolism. Any relationship of scrapers with 
perlphyton In Big Creek may have been obscured by the fact 
that I did not sample perlphyton during the winter, a period 
of high abundance of scrapers. Pennak (1977), In his studies 
on trophic variables in Rocky Mountain streams, concluded 
that no quantitative relationship exits between perlphyton 
and the benthos. 
During the period of time when we sampled perlphyton 
from Big Creek, June through October, we harvested a variety 
of algae, Including at times, a large blomass of filamentous 
greens. The filamentous algae are not harvested as 
efficiently by scrapers nor are they as nutritionally 
valuable as unicellular diatoms (Brown, 1960). It would have 
been interesting to have followed scraper abundance In 
relation to the diatom communities rather than the overall 
abundance of perlphyton. 
EiSlSSC/h^rblvores 
The piercer herbivores were very rare in Big Creek. 
This functional group was made up of individuals of the genus 
Agra^l^ea (Tr 1 choptera : Hydropt 111 dae ) . They were present only 
during a brief period in late summer and early fall of 1983 
(Figure 11). 
Figure 11. The seasonal distribution of piercer/herbivore 
numbers in the study section of Big Creek, 
error bars represent the average standard 
deviation of the mean 
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Predators 
Predators were most common on substrates 2 and 3 (Figure 
4). The two most common predators (by blomass) were species 
of the Odonata (Coenagrlonldae) and species of the class 
Hlrudinea. The damselfly larvae were found predominantly In 
either the beds of Potamogeton or in submerged terrestrial 
vegetation while the leeches were found predominantly in the 
sandy/silt of substrate 2, or in the sedlment/niacrophyte 
interface. 
The predators were present year round and showed peak 
abundance during late fall 1982 and early summer 1983 (Figure 
12). The relationship of Invertebrate predator blomass to 
all other invertebrate blomass was significant (r = 0.64, p = 
0.04). This correlation was not as high as might have been 
predicted, but when considering the presence of other non-
invertebrate predators, e.g., fish, this is not surprising. 
In Big Creek the fish blomass was highest during the late 
fall and early winter, the season of highest invertebrate 
abundance and lowest during the spring, the time of lowest 
invertebrate abundance. Fish tend to be selective feeders in 
many habitats, both by prey type and size, thereby, the 
relationship between invertebrate predators and their prey 
may be influenced by the presence of invertivorous fish 
(Allen, 1983). Invertebrate predators may also be selective 
feeders and this may hide a potential relationship between 
Figure 12. The seasonal distribution of biomass and 
numbers for predators in the study section of 
Big Creek, error bars represent the average 
standard deviation of the mean 
900 -1 r 1800 
800 -
— mg Carbon 
700 -
600 -
1000 P 500 -
o 400 -
100 -
0 300 -
% 
200 H 
1 n I n I rn i i i i i i r 
M J J A S O N D J F M A M J J A S O N  
to 
cn 
Month 
126 
Invertebrate predators and "other" non-predaceous 
Invertebrates (Allen, 1983; Sheldon, 1969). In Big Creek, 
for example, the predaceous leech populations of the family 
Erpobdel1Idae, tended to feed almost exclusively on 
chlronomlds, and less so on olIgochaetes , as seen from 
limited stomach analyses. This is not surprising considering 
the "shared" habitat (substrate 2 and 3) of these two groups. 
This family of leeches probably would show a stronger 
relationship with the biomass of just the chlronomlds. 
Invertebrates of Disturbed Streams 
The river continuum concept (Vannote et al., 1980) 
predicts that within a second order stream the invertebrate 
community will be dominated by collectors and shredders. 
Figure 13 (A,B,C) compares the predicted invertebrate 
community of a temperate low order forested stream, based 
upon functional groups (Figure 13A), with that found in Big 
Creek (Figure 138) and with predictions from a 5th order 
stream (Figure 13C). A fifth order stream has an open 
canopy, therefore the input of allochthonous organic material 
is of reduced importance. Furthermore, with the additional 
sunlight, autotrophy Is predicted to be more important than 
in lower order streams. Big Creek, a second order 
agriculturally Impacted stream shows a dominance of the 
biomass by 2 functional groups; the collector/gatherers and 
the predators (Table 5, Figure 13B). The shredders are also 
Figure 13. The predicted functional group distribution 
(Vannote et al. 1980) for a low order stream 
(A), the distribution for the second order 
study section of Big Creek (B) and the 
predicted distribution for a 5th order 
stream (C) 
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Table 5. Percent composition of Invertebrate functional 
groups at Bis Creek (Blomass = grams carbon m~ 
Nos. = No m ) 
Functional Group Blomass/* of total Nos./% of total 
Shredders 369/18% 20/<l% 
Collector/Filterers 120/6% 321/9% 
Collector/Gatherers 644/31% 2796/77% 
Scrapers 285/14% 258/7% 
Piercer/Herbivores <1/<1% 2/<l% 
Predators 633/31% 211/6% 
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Important in Big Creek comprising 18% of the total annual 
biomass but less than 1% of total numbers. The differences 
with the River Continuum predictions are obvious, especially 
as they relate to the biomass of the shredders and grazers in 
low order streams. It is interesting that the predictions of 
the River Continuum Concept for the community structure of a 
middle size river (Figure 13C) relate to some of the 
functional characteristics found in Big Creek, especially as 
related to the reduction in the number of shredders and an 
increase in the number of grazers. The authors of the river 
continuum concept do point out that their model was developed 
to fit "natural unperturbed stream ecosystems as they operate 
in the context of evolutionary and population time scales". 
They suggest that in disturbed stream systems, especially 
those that alter the relative degree of autotrophy and 
heterotrophy, one might expect to see a reset mechanism that 
shifts the continuum characteristics upstream. This idea of 
a shift in the continuum may hold true in Big Creek. The 
Invertebrates show a shifting composition more like that 
predicted in the middle size stream In relation to the 
shredders and the grazers. Furthermore, the existence of 
extensive macrophyte beds in the headwaters of Big Creek 
further enhance this idea of a "reset mechanism" in that the 
continuum predicts that the middle sized streams would have a 
growth of vascular hydrophytes and a higher biomass of 
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primary producers. The reduced importance of scrapers in Big 
Creek may be due to the decreased importance of suitable 
substrate. The headwaters of Big Creek had few areas of 
extensively developed riffle where this group is most often 
concentrated. Instead, they inhabited the extensive 
macrophyte beds and during the fall and winter may have been 
feeding on the decomposed macrophytes and/or the diatom 
blooms seen on the substrate. 
Despite these significant relationships between 
functional group biomass and food availability, another 
factor may be as important in the timing of the biomass 
peaks, that being the annual thermal regime. There is 
evidence that suggests that the autumnal peak in invertebrate 
activity in many temperate aquatic environments may be 
related to temperature dependent phenomenon (Minshall, 1968; 
Sweeney and Vannote, 1978). 
Food shortages did not appear to be a problem in the summer 
months at Big Creek, though the diversity of food sources was 
probably reduced at this time. The relative importance of 
the two factors, food availability and diversity, and an 
optimal thermal environment, would be difficult to 
distinguish in a natural setting. Certainly both factors 
must have influenced the evolutionary strategies of aquatic 
invertebrates. 
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The functional group classification Is useful for 
comparing stream systems, especially those from watersheds 
with different characteristics. The use of Invertebrate 
functional groups, when sampled in conjunction with 
quantitative estimates of potential food resources, Is very 
useful in understanding the structure and functioning of a 
stream ecosystem. The functional group methodology gives 
information of particularly utility for dividing the 
resources into "resource use categories". Another important 
use for this kind of information is to understand some 
aspects of parallel and convergent evolution in tying 
together functionally similar organisms (Merritt and Cummins, 
1984; Wiggins and Mackay, 1978). It is interesting that 
Georgian and Wallace (1983) have described the functional 
group classification as "guilds" (sets of organisms using a 
particular resource category) in their study on periphyton 
grazing insects in a Southern Appalachian stream. 
Some problems do exist with the concept of the 
functional group classification. One problem is that of 
resource switching in aquatic invertebrates. This may occur 
because of interspecific factors, such as competition, 
forcing a less competitive species to switch from a preferred 
food resource. Furthermore, Fox and Morrow (1981) have shown 
that organisms may specialize within different functional 
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groups In separate communities, thereby changing their 
functional roles In each community. 
Another potential problem is that some aquatic invertebrates 
are generallsts and may selectively feed on the most abundant 
food source, be it detritus at one time or periphyton at 
another time within the same community (Murdock, 1969). A 
second reason for switching of functional role in a community 
may be related to changing a physiological regime (Fuller and 
Mackay, 1980; Anderson and Cummins, 1979). Despite these 
drawbacks to the functional group classification system, I 
still see it as a positive tool in attempting to understand 
aquatic ecosystem structure and function. 
Agricultural stream systems have their own unique set of 
biological, physical and chemical characteristics that are 
only now beginning to be understood. An open canopy, 
Increased nutrient loads and higher temperatures result In 
increased rates of primary production. Channelization and 
watershed disturbances result In erratic fluctuations of 
stream levels. Increased watershed erosion and subsequent 
deposition and more of a scouring Influenced of storm events 
resulting In a rigorous environment for resident organisms. 
However, as shown by Big Creek, the River Continuum Concept, 
though not an exact template, does fit the basic invertebrate 
functioning even considering the highly disturbed nature of 
the stream. The concept is allowed to fit because of the 
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clause in the concept which suggests a reset of the predicted 
characteristics upstream, so that a small 2nd order stream, 
with a riparian zone that has been drastically altered, by 
the removal of vegetation, may have many of the predicted 
characteristics of a 4th or 5th order stream. 
Because agricultural streams are a permanent part of the 
landscape, and a major component of the water resource base 
in the midwest, we must develop a management strategy in 
order to increase water quality and biological integrity. 
More detailed information is needed about their structure and 
functioning in order to implement a management plan. 
Continuing studies on the biological communities and their 
dynamics, within an ecosystem perspective, will give us this 
data base. Of greatest importance is the initiation of a 
management plan for the riparian zone, coupled with channel 
and bank stabilization, by making use of native streamside 
vegetation. 
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GENERAL SUMMARY 
There have been few studies on carbon production and 
transport In agriculturally Impacted stream ecosystems. 
This study Is a detailed analysis of both the carbon budget 
and the Invertebrate functional dynamics within Big Creek, 
Iowa . 
The carbon fixed in Big Creek (gross primary production 
(GPP) and respiration (R)) is equal to 6 % of the carbon 
transported out of the upper watershed. There is an 
indication that some of the allochthonous carbon (2 %) is 
utilized in the stream ecosystem. Of the total carbon 
produced in the watershed (48500 kg d ^) 4 % becomes part of 
the carbon budget of upper the Big Creek Watershed. The 
carbon Input is composed of 90 % dissolved organic carbon, 9 
% fine particulate organic carbon and 1 % coarse particulate 
organic carbon. 
On an annual basis the Invertebrate biomass in upper Big 
Creek is dominated by the collector/gatherer functional group 
with predators, shredders and scrapers also being Important. 
The functional groups, for the most part, showed significant 
correlations with characteristics of the abundance of their 
food sources. The collector/gatherers were the most abundant 
(biomass and numerically) of the functional groups present, 
but this group was the only one that did not correlate with 
any of their predicted food sources. This was probably due 
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to the nature of the organisms composing this group. This 
group is comprised of individuals that are both omnivorous 
and at the same time opportunistic feeders. 
A comparison of the characteristics of upper Big Creek 
with those predicted for low order streams, in the confines 
of the River Continuum Concept (RCC), gives some Insight into 
th(! differences In functioning of low order disturbed streams 
versus those that drain forested watersheds. The 
allochthonous carbon input from the Big Creek Watershed is 
much greater than that produced in the stream itself. This 
compares favorably with predictions from the RCC. The 
difference is the dominance of the dissolved carbon fraction 
in Big Creek versus the importance of the particulate forms 
in forested watersheds. 
The Invertebrate community in Big Creek does not show 
the dominance of the two functional groups, the collectors 
and the shredders, as predicted in the RCC for low order 
streams. In Big Creek the shredders are less important and 
the grazers are more important, though the collectors are 
still common. The RCC does allow for the fitting of their 
model to highly disturbed streams, e.g. agricultural streams 
with disturbed riparian vegetation, by suggesting that a 
reset mechanism exists. This reset mechanism suggests that 
the characteristics in their model for a middle sized river 
would be reset upstream, thereby low order streams would have 
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the characteristics of larger middle sized streams, e.g., 
higher primary production, more maorophytes, higher ratios of 
dissolved organic carbon to particulate organic carbon and an 
Invertebrate community with a reduced blomass of the shredder 
functional group and an Increased blomass of grazers. This 
more accurately describes the structural and functional 
characteristics of upper Big Creek. 
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APPENDIX A: 
COARSE PARTICULATE ORGANIC MATTER (CPOM), FINE 
PARTICULATE ORAGANIC MATTER (FPOM) AND DISSOLVED 
ORGANIC MATTER (DOM) IN MG L~ , DATA FOR SITES 1,2 
AND 3 DURING THE STUDY PERIOD 1982 AND 1983 
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Date CPOM FPOM DOM 
SITE 1 
1/16/83 0 .022 0 . 66 54 
2/26/83 0 . 045 1 .17 38 
4/16/83 0 . 205 4 . 04 48 
5/06/83 0 . 056 0 . 69 18 
5/24/83 0.061 0 . 98 20 
6/11/83 0 . 069 0 . 56 8 
6/21/83 0 . 086 0 .66 10 
6/29/83 1 . 576 7 . 27 14 
7/06/83 0 .420 1 . 27 14 
7/20/83 0 . 054 0 . 82 12 
7/28/83 0 . 027 0.71 12 
8/16/83 0 . 054 0.92 12 
8/31/83 0 . 010 1 . 25 12 
9/16/83 0.013 0.87 10 
10/13/83 0.173 0.87 10 
10/27/83 0 . 067 0. 73 6 
Site 2 
7/05/82 0 ,  033 1 . 20 8 
7/24/82 0 . . 054 1 . 30 32 
8/09/82 0 . 042 10 . 56 38 
9/06/82 0 , . 012 0 . 98 10 
10/10/82 0 , . 201 1 . 83 22 
11/07/82 1 , . 002 1.05 26 
11/27/82 0 , 018 0.66 18 
1/16/83 0 , , 020 0.70 42 
2/26/83 0 , . 023 1 ,05 44 
4/16/83 0 , , 100 4 . 93 32 
5/06/83 0 , , 072 1 . 28 26 
5/24/83 0 . , 078 1 .43 18 
6/11/83 0 .  032 1 .20 10 
6/21/83 0 . .004 1 . 27 12 
6/29/83 0 , . 268 12.38 12 
7/06/83 0 , , 178 2.61 10 
7/20/83 0 , 034 2 . 73 10 
7/28/83 0 . , 066 1 . 59 16 
8/16/83 0 , 060 1 . 58 14 
8/31/83 0 . , 022 1 . 36 16 
9/16/83 0 , .012 1 . 57 16 
10/13/83 0 , , 227 1 . 28 10 
10/27/83 1 ,  243 0.98 8 
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Date CPOM FPOM DOM 
Site 3 
7/05/82 0 ,  057 1 ,  50 10 
7/24/82 0 . , 055 1 , 30 78 
8/09/82 0 . 002 10 ,  56 38 
8/06/82 0 , . 001 1 , 19 12 
9/25/82 0 . 001 0 ,  18 8 
10/10/82 0 , 001 2 . , 03 30 
11/07/82 0 , . 001 1 , 47 22 
11/27/82 0 , , 002 0, . 60 18 
1/16/83 0 , 032 0 , 89 54 
2/26/83 0 , . 046 0, , 92 32 
4/16/83 1 , . 047 3 ,  89 66 
5/06/83 0 . , 163 1 . 20 20 
5/24/83 0 ,  183 1 . , 64 22 
6/11/83 0 . , 027 1 , 12 16 
6/21/83 0 , 005 1 ,  24 10 
6/29/83 1 , .462 11 , 40 14 
7/06/83 0 , . 322 2 ,  98 12 
7/20/83 0 , . 023 2 , 29 10 
7/28/83 0 , 013 6 , 13 14 
8/16/83 0 , , 103 3 , ,99 14 
8/31/83 0 . ,016 1 , , 80 14 
9/16/83 0 , 040 1 , 67 14 
10/13/83 0 , 011 1 . , 36 10 
10/27/83 0 , 108 1 , 96 10 
APPENDIX B 
INVERTEBRATE FUNCTIONAL GROUPS, INCLUDING NUMBERS PER 
SUBSTRATE TYPE (1,2,3) IN NO. M"^, AND CARBON IN 
MG M~ , THE STANDARD DEVIATION IS THAT FROM THE MEAN OF 
THREE SAMPLES PER SAMPLING PERIOD PER SUBSTRATE 
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Substrate 1 (gravel) - June, 1982 
Functional Group No. (s.d. ) Carbon m ^ (s.d.) 
Shredders 0 0 
Col lectors 
(filterers) 
544 (224) 90 (61) 
Col lectors 
(gatherers) 
3007 (1551) 97 (63) 
Scrapers 0 0 
Piercers 0 0 
Predators 96 (66) 27 (26) 
Substrate 2 (mixed) 
Shredders 0 0 
Collectors 
(filterers) 
2183 (3781) 86 (149) 
Col lectors 
(gatherers) 
675 (626) 19 (17) 
Scrapers 0 0 
Piercers 0 0 
Predators 0 0 
Substrate 3 (vegetation/silt) 
Shredders 0 0 
Col lectors 
(filterers) 
0 0 
Col lectors 
(gatherers) 
13150 (586) 593 (84) 
Scrapers 0 0 
Piercers 0 0 
Predators 79 (79) 159 (148) 
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Substrate 1 (gravel ) - July, 1982 
Functional Group No. m ^ ( s . d . ) Carbon m ^ (s.d.) 
Shredders 9 (15) 11 (19) 
Collectors 
(filterers) 
18 (15) 5 (7) 
Collecters 
(gatherers) 
3252 (1787) 587 (699) 
Scrapers 9 (15) 4 (7) 
Piercers 0 0 
Predators 53 (54) 4 (4) 
Substrate 2  (mixed) 
Shredders 18 (30) 12 (21) 
Collectors 
(filterers) 
0 0 
Collectors 
(gatherers) 
3217 (567) 1364 (334) 
Scrapers 0 0 
Piercers 0 0 
Predators 18 (30) 10 (18) 
Substrate 3 (vegetation/silt) 
Shredders 26 (46) 28 (48) 
Col lectors 
(filterers) 
210 (139) 47 (22) 
Collectors 
(gatherers ) 
5348 (4432) 1649 (1218) 
Scrapers 79 (53) 83 (81) 
Piercers 0 0 
Predators 307 (109) 1218 (304) 
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Substrate 1 (gravel) - August, 1982 
Functional Group No. m ^ (s.d. ) Carbon m ^ (s.d . ) 
Shredders 0 0 
Col lectors 
(filterers) 
105 (160) 13 (14) 
Collectors 
(gatherers) 
2218 (468) 799 (372) 
Scrapers 26 (46) 34 (58) 
Piercers 0 0 
Predators 35 (40) 38 (63) 
Substrate 2 (mixed) 
Shredders 0 0 
Collectors 
(filterers) 
0 0 
Collectors 
(gatherers) 
2393 (2269) 269 (176) 
Scrapers 0 0 
Piercers 13 (19) 1 (1) 
Predators 289 (335) 47 (42) 
Substrate 3 (vegetation/silt) 
Shredders 0 0 
Col lectors 
(filterers) 
66 (19) 13 (10) 
Col lectors 
(gatherers ) 
1631 (335) 442 (132) 
Scrapers 237 (37) 517 (65) 
Piercers 0 0 
Predators 224 (130) 132 (23) 
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Substrate 1 (gravel) - September, 1982 
Functional Group z
 
o
 
3
 1 CO
 
(s.d. ) Carbon m ^ (s.d.) 
Shredders 26 (46) 128 (222) 
Col lectors 
(fllterers) 
789 (962) 136 (130) 
Collectors 
(gatherers ) 
728 (441 ) 137 (181) 
Scrapers 113 (85) 156 (121) 
Piercers 0 0 
Predators 70 (15) 35 (56) 
Substrate 2 (mixed) 
Shredders 18 (30) 826 (1430) 
Col lectors 
(fllterers) 
0 0 
Col lectors 
(gatherers) 
167 (106) 28 (23) 
Scrapers 298 (55) 430 (165) 
Piercers 0 0 
Predators 228 (100) 868 (1404) 
Substrate 3 (vegetation, silt) 
Shredders 9 (15) 229 (397) 
Collectors 
(fllterers) 
35 (40) 16 (23) 
Col lectors 
(gatherers) 
167 (224) 33 (44) 
Scrappers 333 (269) 598 (565) 
Piercers 0 0 
Predators 210 (137) 1352 (1746) 
152 
Substrate 1 (gravel) - October, 1982 
Functional Group No. m"^ ( s . d . ) Carbon m ^ ( s . d . ) 
Shredders 53 (3) 1100 (124) 
Col lectors 
(filterers) 
1534 (979) 550 (174) 
Collectors 
(gatherers) 
1105 (229) 87 (10) 
Scrapers 210 (146) 263 (182 ) 
Piercers 0 0 
Predators 587 (281) 17 (6) 
Substrate 2 (mixed) 
Shredders 53 (5) 1175 (193) 
Collectors 
(filterers) 
175 (159) 34 (24) 
Collectors 
(gatherers) 
894 (431) 240 (57) 
Scrapers 1403 (904 ) 946 (311 ) 
Piercers 0 0 
Predators 517 (106) 1904 (1529) 
Substrate 3 (vegetation, silt) 
Shredders 44 (30) 1709 (1899) 
Collectors 
(f11terers ) 
70 (40) 29 (8) 
Collectors 
(gatherers ) 
666 (546) 166 (145) 
Scrapers 1140 (727) 1385 (1532) 
Piercers 0 0 
Predators 482 (124) 2102 (1489) 
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Substrate 1 (gravel) - January, 1983 
Functional Group No. m~ ^ ( s . d . ) Carbon 3 
1 CO
 
CO
 
o
. 
Shredders 55 (53) 940 (987) 
Col lectors 
(fllterers) 
210 (121 ) 94 (58) 
Collectors 
(gatherers ) 
2911 (349) 725 (257) 
Scrapers 88 (85) 152 (162) 
Piercers 0 0 
Predators 96 (76) 13 (7) 
Substrate 2 (mixed ) 
Shredders 35 (30) 617 (535) 
Col lectors 
(fllterers) 
70 (40) 86 (67) 
Collectors 
(gatherers ) 
4033 (2374) 858 (481 ) 
Scrapers 245 (92) 209 (219) 
Piercers 0 0 
Predators 96 (100) 234 (202) 
Substrate 3 (vegetatlon/sllt) 
Shredders 114 (106) 2072 (1951) 
Col lectors 
(fllterers) 
1350 (500) 323 (73) 
Collectors 
(gatherers) 
3770 (489) 1440 (799) 
Scrapers 1762 (618) 1667 (1062) 
Piercers 0 0 
Predators 1105 (215) 2821 (1824) 
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Substrate 1 (gravel) - February, 1983 
Functional Group z
 
o
 
3
 1 
^ (s.d. ) Carbon 9 
1 to
 
CD
 Q.
 
Shredders 79 (95) 1165 (1312) 
Collectors 
(fllterers) 
1140 (1678) 831 (1146) 
Collectors 
(gatherers ) 
1999 (897) 917 (1061) 
Scrapers 272 (403) 465 (668) 
Piercers 0 0 
Predators 61 (55) 4 (5) 
Substrate 2 (mixed) 
Shredders 9 (15) 268 (465) 
Collectors 
(f1Iterers) 
18 (15) 4 (4) 
Col lectors 
(gatherers) 
675 (150) 105 (74) 
Scrapers 9 (15) 4 (8) 
Piercers 0 0 
Predators 9 (15) <1 (<1) 
Substrate 3 (vegetation/silt) 
Shredders 105 (74) 775 (238) 
Collectors 684 (818) 243 (320) 
(fllterers) 
Collectors 6338 (855) 2223 (899) 
(gatherers) 
Scrapers 2538 (1804) 2046 (1493) 
Piercers 0 0 
Predators 1157 (223) 1932 (474) 
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Substrate 1 (gravel ) - May, 1983 
Functional Group No. m ^ (s.d. ) - 2 Carbon m (s.d.) 
Shredders 9 (15) 341 (592) 
Col lectors 
(fllterers) 
0 0 
Col lectors 
(gatherers ) 
614 (284 ) 129 (95) 
Scrapers 4 4  (55) 67 (74) 
Piercers 0 0 
Predators 9 (15) 1 (2) 
Substrate 2 (mixed) 
Shredders 0 0 
Col lectors 
( f i1terers) 
0 0 
Col lectors 
(gatherers) 
316 (5) 238 (228) 
Scrapers 0 0 
Piercers 0 0 
Predators 26 (37) 423 (598) 
Substrate 3 (vegetation/silt) 
Shredders 0 0 
Col lectors 
(fllterers) 
596 (413) 78 (57) 
Collectors 
(gatherers) 
736 (398) 1400 (1983) 
Scrapers 421 (146) 814 (174) 
Piercers 0 0 
Predators 289 (70) 502 (468) 
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Substrate 1 (grave 1 ) - June, 1983 
Functional Group No. m (s.d. ) Carbon m ^ (s.d.) 
Shredders 0 0 
Collectors 
(filterers) 
245 (175) 69 (34) 
Collectors 
(gatherers) 
5225 (2341) 1295 (981 ) 
Scrapers 26 (27) 62 (54) 
Piercers 0 0 
Predators 9 (15) 4 (6) 
Substrate 2 (mixed) 
Shredders 9 (15) 1 (2) 
Col lectors 
(filterers) 
421 (303) 157 ( 105) 
Collectors 
(gatherers ) 
7855 (3257) 1101 (181 ) 
Scrapers 53 (46) 77 (68) 
Piercers 0 0 
Predators 96 (66) 31 (20) 
Substrate 3 (vegetation/silt) 
Shredders 9 (15) 32 (55) 
Col lectors 
(filterers) 
1499 (958) 474 (277 ) 
Col lectors 
(gatherers ) 
2341 (2957) 1001 (793) 
Scrapers 491 (199) 1152 (542) 
Piercers 0 0 
Predators 658 (362) 3697 (998) 
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Substrate 1 (gravel) - July, 1983 
Functional Group No . m ^ ( s . d . ) Carbon m ^ (s.d.) 
Shredders 0 0 
Col lectors 
(fllterers) 
333 ( 194) 86 (74) 
Col lectors 
(gatherers) 
1105 ( 632 ) 276 (277) 
Scrapers 18 (30) 17 (30) 
Piercers 0 0 
Predators 61 (55) 10 (9) 
Substrate 2 (mixed) 
Shredders 0 0 
Collectors 
(fllterers) 
88 (85) 103 (97) 
Col lectors 
(gatherers) 
1201 (1177) 299 (302) 
Scrapers 9 (15) 15 (26) 
Piercers 0 0 
Predators 105 (123 ) 2406 (3667) 
Substrate 3 (vegetation/silt) 
Shredders 18 (30) 497 (861) 
Col lectors 
(fllterers) 
833 (1056) 223 (178) 
Collectors 
(gatherers) 
763 (446) 2538 (3504) 
Scrapers 140 (119) 299 (254) 
Piercers 0 0 
Predators 482 (92) 856 (400) 
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Substrate 1 (gravel) - August, 1983 
Functional Group No . m 
1 
1 
CO
 
1 1 
CO 
; 
o
. 
1 
• ) Carbon m ^ (s.d.) 
Shredders 18 (30) 148 (257) 
Col lectors 
(fllterers) 
377 (586) 129 (17G) 
Col lectors 
(gatherers) 
333 (92) 52 (10) 
Scrapers 9 (15) 2 (3) 
Piercers 26 (46) 1 (1) 
Predators 123 (66) 55 (64) 
Substrate 2 (mixed) 
Shredders 0 0 
Col lectors 
(fllterers) 
105 (149) 59 (83) 
Collectors 
(gatherers) 
1394 (74) 518 (32) 
Scrapers 53 (2) 406 (567) 
Piercers 0 0 
Predators 132 (112) 41 (26) 
Substrate 3 (vegetation/silt) 
Shredders 53 (74 ) 491 (694) 
Collectors 
(fllterers ) 
26 (37) 27 (38) 
Collectors 
(gatherers) 
539 (316) 218 (107) 
Scrapers 13 (19) 23 (33) 
Piercers 0 0 
Predators 368 (298) 386 (533) 
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Substrate 1 (gravel) - September, 1983 
Functional Group No. m ^ ( s . d . ) Carbon m ~ ^  (s.d.) 
Shredders 9 (15) 135 (234) 
Col lectors 
(fllterers) 
272 (190) 257 (267) 
Collectors 
(gatherers) 
833 (281) 72 (62) 
Scrapers 228 (92) 28 (25) 
Piercers 9 (15) <1 (<1) 
Predators 123 (40) 38 (14) 
Substrate 2 (mixed) 
Shredders 0 0 
Col lectors 
(fllterers) 
105 (121) 46 (52) 
Collectors 
(gatherers) 
3217 (1652) 270 (243) 
Scrapers 44 (55) 4 (5) 
Piercers 0 0 
Predators 70 (40) 328 (556) 
Substrate 3 (vegetation/silt) 
Shredders 96 (66) 3330 (2859) 
Col lectors 
(fllterers) 
18 (15) 37 (58) 
Collectors 
(gatherers) 
359 (80) 167 (123) 
Scrapers 26 (27) 66 (84) 
Piercers 0 0 
Predators 175 (159) 154 (87) 
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Substrate 1 (gravel) - November, 1983 
Functional Group No . m 
1 
\ 
1 
to
 
1 
CD
 
1 
•
 
1 
C
L
 
1 
•
 ) Carbon m ^ ( s . d . ) 
Shredders 0 0 
Col lectors 
(fllterers) 
79 (80) 118 (120) 
Collectors 
(gatherers) 
1473 (543) 234 (173) 
Scrapers 140 (119) 87 (104) 
Piercers 0 0 
Predators 114 (92) 280 (431) 
Substrate 2 (mixed) 
Shredders 0 0 
Col lectors 
( f iIterers) 
307 (270) 113 (99) 
Collectors 
(gatherers) 
9775 (8578) 2300 (2252) 
Scrapers 26 (1) 3 (1) 
Piercers 0 0 
Predators 18 (30) 429 (743) 
Substrate 3 (vegetation/si 11) 
Shredders 0 0 
Col lectors 
(fllterers ) 
184 (296) 51 (85) 
Collectors 
(gatherers) 
701 (809) 80 (105) 
Scrapers 18 (15) 48 (81 ) 
Piercers 0 0 
Predators 132 (53) 604 (674 ) 
